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aSTOM MARTIN. 


JOWETT 


PROUD COMPANY... 


The names shown here are famous throughout the motoring 
world. Mintex — having its own share of fame —is proud to be associated 
with them; they are the names of vehicles produced by manufacturers who 


fit Mintex as original equipment. 


For complete reliability you can depend on EX 


MINTEX BRAKE & CLUTCH LINERS are manufactured by BRITISH BELTING & ASBESTOS LTD., 
CLECKHEATON, YORKSHIRE and are obtainable from ail Mintex Service Depots and stockists. 
B.B.A. are also the manufacturers of SCANDURA, the original P.V.C. fireproof conveyor belt. 
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INTERNAL 
GRINDING 
MACHINES 


This range of machines is designed for fast and accurate auto- 
matic production on long runs. Two methods of automatic 
sizing are available; solid gauging for through holes, and Delta- 
meter for blind holes or short length bores. 
Ihe pressure at which solid gauges are offered to the bore is variable, and the 
machine auto gauges to limits of 0.0003". 
The Deltameter performs an actual check on bore size by the contact of a diamond- 
tipped pointer within the bore, automatically sizing to limits of 0.0002". 
Cross slide feed is continuous, with automatic change-over from 
rough to finish grinding, and automatic truing of the grinding 
Wheel. 
This is the UHM P.195 which is fitted with a Face Grinding Head, 
shown lowered so that the facing 
Wheel is in the grinding position. 
Internal grinding capacity }” to 8” 
diameter. There are other U.V.A. 
Internal Grinding Machines — tor 
grinding bores from to dia. 


WICK MAN of COVENTRY 


LONDON BRISTOL BIRMINGHAM MANCHESTER 
LEEDS GLASGOW NEWCASTLE BELFASI 
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necessary 


im Yes, unless they are specially tuned up, most of your customer’s cars just won’t 
give of their best on the new premier grade motor spirits. ime They’ll go well, of 
course. But they could go better. Only accurate tuning-up will make sure your 
customer gets the best results from his car. Your customers will appreciate this 
service. kim. For a really accurate tune-up one of the three approved methods--- Timed 


Acceleration, Tapley Acceleration Meter or Reference Fuel—-must be used. kim. They’re 
not child’s play but our folder “How to Tune-up” gives you all the details 


and complete instructions. It’s a good thing to keep it _ handy. 


Fill them up and let them feel the difference 
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*‘Well, | must confess that | was shaken 
rigid, yesterday. Thought I'd pull their leg by 
asking for a }” taper shank x 48” overall, from stock. 


“And they sent it up?” 


“Yes... here it is. What do I do with it?’’ 


“Must | tell you? send it back and 
confess your lack of faith, old boy. 
With a stock of five million 

or so, | bet they're smiling!’ 


AA 

BRITAIN’S FOREMOST DISTRIBUTORS 


MONKS & CRANE LTD 


THE TWIST DRILL SPECIALISTS 


London Office : Head Office: Manchester Office : 
295 EUSTON ROAD | STANHOPE STREET , MANCHESTER OLD ROAD 
LONDON, N.W.1 BIRMINGHAM, RHODES, MANCHESTER 


Tel: EUSton 5311 (3 lines) Tel: Calthorpe 1381 (5 lines) Tel: Middleton 3654 (3 lines) 


Grams: Emancee, London Grams: Emancee, Birmingham Grams: Emancee, Middleton, Manchester 
SM/MC .804b 
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lighting means better 


IN LINE PRODUCTION, good lighting ts essential for a steady work 
flow. In every form of production good lighting reduces errors 
and spoilage, improves speed and quality of work, and 
conserves workers’ energy. 

A good fluorescent installation gives more light, and better 
light, from the available power — and the cost of the installation 
is regained many times by increased production efficiency. 


Electricity for PRODUCTIVITY 


Pit beneath motor car assembly line for under-chassis work 


work 


HOW TO GET MORE INFORMATION 
E.D.A. are now publishing a new series of standard 
books, and one of them, *‘ Lighting in Industry ”’, has 
been specially prepared for the use of management 
and production executives. Copies are available 
from the British Electrical Development Association, 
2 Savoy Hill, London, W.C.2, at 9/- post free, or 
from your Electricity Board. 


Issued by the British Electrical Development Association 
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There's 

too much 
‘competition’ 
for you 

to hear them 


When one of the die-hard school takes a piston ring 

and faces down one side of it, on a fine emery paper 

lying on a piece of plate glass, he can hear the abrasive 
making its crisp little cuts. 

But—if his car hasn’t got an efficient filter—listen as he may, 
he can’t hear the minute particles at their deadly work—but 
they’re nevertheless cutting just the same. 

Owing to their micro-dimensions, they insinuate themselves 
into the finest clearances and lap down every working part. 
It is a recognition of this destructiveness that has led so many 
manufacturers to fit the Purolator which—with its carefully 
controlled texture and vast filtration area, arrests the harmful 
minute abrasives and prolongs the working life of the engine. 


Further, when replacement becomes necessary, the element 
is easily changed by the owner without mess or difficulty. 


AUTOMOTIVE PRODUCTS COMPANY LTD. LEAMINGTON SPA 


REGD. TRADE MARK 


MICRONIC 
OIL FILTERS 


FULLY 
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The power valve system 


In this type of Lockheed Servo system, used on trolley 


OCKHEEC— 


TION 
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buses, and elsewhere, where it is desired to have an 


extremely light brake-pedal pressure, a master cylinder is 


not employed, the fluid for brake operation being 


derived direct from the pump or pressure reservoir. 


In the unit illustrated, the cut-out 


valve and power valve are combined. 


The system balances the brake-line pressure against the 


pedal pressure, giving normal feeling of control. 
When subsidiary services, such as power-assisted steering, 
door-opening equipment etc., are added, a secondary 


pressure reservoir is employed, in conjunction with 


a non-return valve leaving the primary pressure he 
reservoir for brake operation only. 


AUTOMOTIVE PRODUCTS COMPANY LIMITED, LEAMINGTON SPA, ENGLAND | ATION-MRCS YE: 
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BEYOND THE HORIZON.™ 


Coming developments in transport—still beyond the horizon—will 
depend very largely upon the new alloys the metallurgist can supply 
to the engineer. As the addition of Molybdenum to many alloys 
permits higher operating temperatures, it will certainly be used more 


and more in the power units of the future. 


Climax furnishes authoritative engineering data on Molybdenum 


applications. 


99 Pinstone St. Sheffield 1 
Registered Office: 2-3 Crosby Square, London E.C.3 
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Getting it there, whatever 
the conditions, is the job of Hyline 
High Pressure Flexible Hose. The tem- 
perature may vary between extremes 


and the pressure may rise and fall, but 


Hyline will remain the life-line carrying 


gases, greases, oils, water or whatever 


you require. 
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AIR & FLUID HOSE 


\ PRESSURE 
FEED AIR 
| TANKS TRANSFORMERS 
spray \ YF 
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DEVILBISS - AEROGRAPH 


CATALOGUE 


Get YOUR copy now f—— 


Keep abreast of up-to-date design in spray equipment — 


get this latest DeVilbiss:Aerograph Catalogue. More com- \ 
prehensive than ever before, it is a complete guide to the L S 
most efficient spray equipment for every need, a real help | | 
in achieving fine finishing and faster output. Not only | 

does it describe and illustrate all the famous DeVilbiss) AE ROG RA PH 


Acrograph guns and equipment, but it contains valuable 
| 
| Sets the pace in spraying 


information on the caps and fluid tips to choose and other 
data of assistance in getting the best spray-finishing results 
at the lowest possible cost. A copy will be sent to you 
gladly on request-—if you haven't had one, write now 
to Dept. 6M. 


(Ry) THE AEROGRAPH CO. LTD 


Lower Sydenham, London, S.E.26 


Branches & Showrooms: London, Birmingham, Bristol, Glasgow, : ; 
Phone: Sydenham 6060 (s /ines) 


SPRAY EQUIPMENT, EXHAUST SYSTEMS, AIR COMPRESSORS, HOSE AND CONNECTIONS 
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THE BEARING FORUM No.2 


Of course, we make other types of bearings besides ball bearings 
The famous Hoffmann Parallel Roller Bearing was first made in 1909 and 
became very popular, being smaller and cheaper than a ball bearing 
of similar capacity. The rollers run in a channel in the inner race, the 
outer race being a plain ring with a chamfered bore to facilitate assembly. 
The most popular sizes are fitted with a pressed steel cage of a new 
high speed design, enabling the maximum number of rollers to be 
fitted, giving increased load capacity. Various lip arrangements 


are also available for easy assembly and location purposes. 


THE ROLLER JOURNAL THE HOFFMANN MFG. CO. LTO., CHELMSFORD, ESSEX 
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VERSATILE 
ENGINE 


STABILISER 


The Woodhead-Monroe shock absorber is ideal for many tasks besides 


SHOCK ABSORBERS 


Vehicle. The Unit is specially designed for horizontal operation and 
valved to reduce vibration of the engine, thus ensuring smooth clutch 
engagement with longer transmission-life and greater passenger-comfort. 
Less engine vibration also permits longer periods between inspection 
and maintenance of engine mountings and torque-reaction members. 


the control of vehicle suspensions. Above, we see a |’ Bore Unit con- : pie 
trolling the vibrations of a diesel engine in a popular type of Public Service 


boreu / / / / 7 Uf - the word for Woodhead-Monroe 


9 These units have already met with huge 
success and are being used by an ever- 
increasing number of Corporations. 


JONAS WOODHEAD & SONS LTD., KIRKSTALL ROAD, LEEDS, 4 


vou have anv vibration problems consul 


nad hi 
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JOBBERS’ DRILLS 


FOR GENERAL WORK RIGHT & LEFT HAND CUTTING-Arass, alwninion and plastics 


THE AND COMPANY LIMITED 


AUTOMOBILE ENGINEER, March 1953 


A: 
- 
ay. 
DORMER TOOLS ARE OBTAINABLE FROM M H TS 
? 
R YOUR USUAL ENGINEERS ERCHANTS 


When we at West Yorkshire Foundry 
produce cylinder blocks, we produce 
something more than first quality 
castings — we give you castings which 
save you money in the machine shop. 
With our method of location points 
machined at the factory we reduce your 
setting time and machine shop scrap. 
The use of machined location points 
was developed first for our own con- 
venience. They enabled us to set cores 
accurately and average out the castings 
and thereby guarantee a reliable and 
consistent job. But the value goes 
further and provides the correct location 
in the machining jig so that there is no 
time lost in setting; the casting is 
bound to machine up correctly. 
Cylinder block design and machine 
shop practice will determine the num- 
ber, type and position of these machine 
points. For instance, those on the 
JAGUAR X.K. CYLINDER BLOCK CASTING | Rolls Royce W.D. block are very 
eS df different from those we provide for the 
Jaguar X.K. block. We believe, how- 
ever, that we can reduce your costs in 
the machine shop and perhaps supply 
castings at a lower initial cost. May 
we see if we can? 


users of 
West Yorkshire castings: 
ALBION AUSTIN 
-HUMBER JAGUAR 
LEYLAND PERKINS 
ROLLS-ROYCE 
“ROVER SUTCLIFFES 
VALVE CASTINGS 
ETC. ETC. 
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ACCURATE 
MACHINING. 
IS EASY 
WITH A 
FEED GAUGE 


‘The proper use of 


gauges is to aid 


correct machining 
WHETHER YOUR PROBLEM Is: 


— not to detect 


— 1. Reduction of rejects 

faulty machining 2. Increase in production rate 

Increase in precision 

Use of unskilled labour on precision work 


Evaluation and surveillance of dispersion 


> 


when it is too late.’ 


THEN giving the machine operator the equip- 
ment to see where he is and what he is doing 
provides the means to overcome the difficulties. 


If you would like to know more, please write for a copy of The Theory and Practice of Machine Control” to: 


SOLEX (GAUGES) LTD. 


Telephone : Paddington SOI! (6 lines) 


‘“Solex-the pioneers of air-gauging”’ 
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Dec by our 
lurgists for gravity and 
‘ed Die Casting Dies, 
ion Dies and Followers, 
well as for Mandrels, Con-— 
,Bolsters,etc. 
.E. Hot Die Steels are the ‘result 
careful research into the ever- 
cre: sing demands of modern 
dustry for steels capable of the 
test possible resistance to 3 


(Kayser LLISON() & CO. LTD.) 


CARLISLE SIEEL WORKS + SHEFFIELD - ESTABLISHED 1825 
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j Other specialities ine ide High Speed and Si nless fe; as Forgings, 
Wire and. preci 1 ground finest limits. 
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be: f 1 j ) The Holroyd ‘‘F’’ Type Series of worm reduction units, made in 
ny | te r three sizes for the transmission of | 8 to 2 H.P. have their casings 
made in die cast aluminium alloy construction. Overall weight is 

therefore reduced to a minimum and cooling capacity is increased. 


t ha Ti * * Good deliveries can now be made of many sizes 
of our totally enclosed worm reduction units, 
both in the “F” Type series and in the larger 


units. Standard ratios 73/1 to 60/1. 
“in 


JOHN Holroyd & CO. LIMITED 


MILNROW, LANCS TELEPHONE » MILNROW 55322 
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FOR 
EARLY 
DELIVERY 


FROM AVAILABLE MATERIAL 


Contact 


SALTER 


ABOUT SPRINGS & PRESSWORK 


SALTER 


Est. 1760 
Write for free copy of the Salter Spring Handbook—it's full of useful information 
GEO. SALTER & CO. LTD., WEST BROMWICH. Telephone: West Bromwich 1331 (8 lines) 
LONDON Phone: Holborn 60467 MANCHESTER Phone: Biackfriars 8551 COVENTRY Phone: 3644 


| 
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¥ 
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A new motor.... 


‘ENGLISH ELECTRIC’ have introduced a new range of totally enclosed fan cooled motors 


—the LY series—which are made to British Standards and designed to supersede 


many other enclosures. 


These motors comply fully with B.S.168 and draft specification CN (ELE) 6814 


of the British Standards Institution. 


Dimensions are similar to those laid down in the American NEMA Standard MGs1-1949, 


but for a similar frame size the horse-power outputs are increased to accord with the 


Frame B.2235 is illustrated. 


generally accepted British practice. 


ELECTRIC 


industrial motors 


LONDON, W.C.2 


KINGSWAY, 


ELECTRIC Company LIMITED, QUEENS HOUSE, 
Industrial Motor Works, Bradford 


ENGLISH 


ACCRINGTON 


LIVERPOOL 


BRADFORD 


PRESTON RUGBY 


STAFFORD 


WORKS: 
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Get in touch with the 


G.E.C. Lighting Service . . . 


Fluorescent 


ahting 


tubes in 


THE GENERAL ELECTRIC CO 


In G.E.C. fittings... 


With Osram Tubes... 


Is your lighting really effective and economical? For instance, 


a modern fluorescent installation would cut your 


P) consumption of current by over half, for the same amount of 


light as you are now getting. Alternatively, you could 

have over double the light at no extra cost ! The people to 
guide you are the G_E.C., pioneers of fluorescent lighting and 
the first to establish an Advisory Lighting Service with every 
technical help on call. Gentlemen, you'll save a lot 


of talk... if you see the G.E.C. first. 


fittings 


LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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PATTERN 
FOR PROSPERITY 


* Export needs and foreign competition, against a background of urgent home 
demand (40,000 tractors in the coming year), are setting Britain’s tractor industry 
a production problem. But, helped by excellent industrial relations and the most 
modern machines and methods, this vital industry is creating a standard of 


productivity that is an example to all. It is one of the largest users of Wimet 


carbide tooling ! 


WICKMAN of COVENTRY 


AUTOMOBILE ENGINEER, March 1953 


= 
\ 
296 ST Pees 
25 


The LAYCOCK-de NORMANVILLE OVERDRIVE is a self-contained unit fitted to the 
rear of the gearbox (Fig. 1). It provides the so-much-desired extra high gear. (Ona 
well-known make of car with a top gear ratio of 4.625 to 1, the overdrive raises it to 
3.6 to 1.) : 


On this particular make of car the overdrive is engaged instantaneously by the mere 
finger-tip movement of the gear lever, from top to overdrive (Fig. 2 shows normal 
top gear position, Fig. 3 overdrive), and without movement of foot controls (Fig. 4). 
Full power is continuously transmitted, the operation being immediate, effortless 
and undetectable. 


Control of this overdrive can be arranged in a variety of ways, and by co-operation 
with Joseph Lucas Ltd., a semi-automatic form of overdrive control has been developed. 
in order that the driver shall still have final control a manual switch is included in the 
circuit. Normally, with the manual switch not operating, at a pre-determined speed 
the car will change automatically into overdrive from top gear. The driver can at 
any speed (above cut-in speed) re-engage top gear by operating the manual switch, 
and this can be so arranged that his hand need not leave the steering wheel. By means 
of the Laycock-de Normanville Overdrive with the Lucas Automatic Overdrive 
Control an extra gear is added to the car, requiring no action on the part of the driver 
to engage It. 


Technical leaflet describing the complete operation of this overdrive will be gladly 
mailed you on application to: Laycock Engineering Ltd., Victoria Works, Millhouses, 
Sheffield, 8. 


Whether they trace their origin to the son of Fearadach, 
ancient King of Dalriada or to Shaw, son of Duncan, third 
Earl of Fife, the clan Mackintosh is both ancient and famous. 
Serving as a link with a romantic and picturesque past is the 
story of the °15 concerning Lachlan Mackintosh, the twentieth 
chief. At Preston he gave up his sword on condition that 
it would be returned if he escaped with his life. He survived 
but the sword was not returned. A_ successor declared, 
if the sword were not returned he would fight for it but 
it came back without demur. The sword, a beautiful piece 
with a silver hilt, was a gift from Viscount Dundee. Sul 
preserved at Moy Hall, it continues to play an impressive 
role at the burial ceremony of each Mackintosh chief. 
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Motto ** Touch not the cat bot 
(without) a glove 
HILLINGTON HALFWAY 
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Rolling transformer sheets on the mechanized mill at 


the Panteg Works of Richard Thomas & Baldwins Ltd. 


HYPOID DRIVE 


KIRKSTALL FORGE ENGINEERING LTD 
LEEDS 


Telephone: Horsforth 2821 
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The numerous critical stages in making good clutch discs 
are our exclusive worry. If there were ten times as many 
the fact would remain that you, the user, are interested 
SPALL 6 PRAKES only in the final result. But because you may sometimes 


a 7 wonder why DON-FLEX Clutch Discs are just that little 
\ , bit better, we are taking you behind the scenes... . 


AAAAAAA Here, we are making sure that every batch of materials 
satisfies the most rigid laboratory criteria. 


PROOUCT 


An obvious thing to do? Precisely . . . the pains which we 


DEPOTS AT 


(Towns & Telephone Nos.) 


take over even the most obvious things mean that you can 
always be sure of DON-FLEX. 


BELFAST 25103 
BIRMINGHAM Midland 4659 
BLACKBURN 6581 
COVENTRY ... ... ... Coventry 64914 
EDINBURGH Central 4234 
GLASGOW Central 4595 
Central 52072 
LIVERPOOL | Gok Royal 1251 and 5202 
MANCHESTER 3... Blackfriars 0596 
NEWCASTLE-ON-TYNE 2 

27142 and 27942 
NOTTINGHAM 43646 
SOUTHAMPTON... (71276 


to be gure 


Republic of Ireland: 
DUBLIN, 35 Westland Row. 66597 


SMALL & PARKES LIMITED - MANCHESTER 9 


LONDON: 76 VICTORIA ST, S.W.! 


DF/3 
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Bogie, Roller and Rotary Hearth Furnaces, Bell Pype Furnaces, 
Chain, Mesh Belt and Continuous Conveyor Furnaces, 
Rotary Drum Furnaces, Pit Furnaces, Pusher Furnaces, 
. Gravity Feed Furnaces, Walking Beam Furnaces, Tubular and 
Rectangular Batch Furnaces, .\ir Circulating Ovens and Drving Ovens. 


¢ 
¢ 


Rectangular Batch Furnaces 


Consider what is “built into” a G.W.B. box-type furnace . special 


7 refractory materials according to the temperature range... the most 
a efficient elements, whether strip, coil or “Hairpin” type... the best 
r hearth arrangements to suit the work in hand . . . the ideal size for 
4 the job. Yes, all these—and more! For in addition there is the hidden 
r component .. . experience. Years of experience in the design and 
4 construction of large electric furnaces ... constant research which 
4 has led not only to better furnaces but to the development of better 
a methods of heat treatment. Illustrated is a box furnace for pack 
é carburising automobile components, designed for operation up to 
4 1,000 C. with a load of 125 KW in one zone. The charges are 
a placed in the furnace by a three arm all-electric loader. ‘Vhis 
4 furnace for an overseas motor car manufacturer, is typical 
& of G.W.B. installations in many parts of the world 


on every aspect 


of heat-treatment 


G.W.B. ELECTRIC FURNACES LID. 
Dibdale Works, Dudley. Wores Phone: Dudley 4284 5 


Proprietors: Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd. 
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BIRCH ROAD, 


2. Modern Plant 
& Production Facilities 


UR plant and production 
facilities are among the 
most modern and efficient in 
the industry, enabling us to 
produce Forgings and Pressings 
consistently high in quality. The 
Forging section includes Board, 
Friction and Power Hammers 
from 400 Ibs. to 24 tons, and 
Horizontal Forging Machines 
or “Upsetters” utilising material 
from §” to 3” diameter. Furn- 
aces are of advanced design, 
many fitted with automatic 
temperature controllers to 
ensure strict conformity to correct forging temperatures. Our up-to-date Presswork 
plant is equipped to handle a wide range of precision work in steel and non-ferrous 
metals. 
When next you require first-class Forgings or Pressings, may we have the 
pleasure of quoting? You will find our prices keenly competitive. 


WITTON, BIRMINGHAM, Teiephone: EAST 1262/5 
Hilton 
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100 DAIMLER 


DOUBLE 
FOR BELFAST 


Photograph hy kind permission of 
MESSRS HARKNESS COACHWORKS LTD. 
BELFAST 
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Not only are the ring and cage elements in R4M Bearings as 
near perfection as can be, but each is the fitting complement 
of the other. This is ensured by untiring care in all stages of 
manufacture. 


Because the complete Bearings are so finely smooth running— 
effortless in action yet rigid in structure—wear is reduced to 
a minimum. In terms of load conditions, frictionless running 
means the lowest possible power consumption for you. 


RANSOME 


& MARLES 


BEARING COMPANY LIMITED 
NEWARK-ON-TRENT, ENGLAND 
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On virtually 


every British car 


WILMOT BREEDEN components and 
accessories are playing an essential part in maintaining 
that lasting dependability which has won 


world-fame for British cars. 


WILMOT BREEDEN 


{ 


BUMPERS AND OVER-RIDERS « DOOR HANDLES AND LOCKS +» WIN] W WINDERS « ROOF LAMPS A 
STEERING WHEEFLS » RADIATOR AND HORN GRILLES » ASH TRAYS » BONNET HINGI 


BADGES AND MASCOTS « LOCKING PETROL CAPS + IGNITION LOCKS +» HYDRAULIC 


WILMOT BREEDEN LTD. - BIRMINGHAM «© LONDON + MANCHESTER «= GLASGOW 
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POLLARD 
SOLID AND FLEXIBLE ROLLER BEARINGS 


130 -OOK 


/ ve HEAVY DUTY 
ROLLER ASSEMBLY 
ILLUSTRATED IS A HIGH 
PRECISION BEARING 
USED EXCLUSIVELY IN 
THE AUTOMOBILE 
INDUSTRY. 


\ 
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New 6” Standard 
Bench Grinder, like 
the rest of the range, 
is built for long life 
and hard work. 

Here's THE POWER that productivity demands! 
Here’s the Bench Grinder really built for your class of 
work . . . sturdy, adaptable, efficient! Black & Decker 
offer you the choice of four dependable electric grinders 
to speed up all ‘run-of-shop’ grinding and _ tool 
sharpening . . . offer you faster and more efficient 
buffing and wire wheel brushing, better work and longer 
life for the tool! 


Send for free illustrated catalogue of the entire 
range of B & D Portable Electric Tools and accessories. 


VALVE RECONDITIONING 
EQUIPMENT - DRILLS 
SANDERS - VITRIFIERS 
BENCH & PORTABLE 

GRINDERS ETC. 


TOWSON, U.S.A. * TORONTO, CANADA »* SYDNEY, AUSTRALIA + MEXICO CITY, MEXICO - 
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Grinder, like 


be Pedestal 


he Other models, can 
Mounted. 


SAO PAULO, BRAZIL 
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The 8° Bench G 
€nch Grinder with hand}. 
LEADING OISTRIBUTORS EVERYWHERE SELL 
BLACK & DECKER LTD-HARMONDSWORTH- MIDDX Prone: west 


TORSION 


Coil, laminated and tors 

_ Woodhead for every type 
treatment for longer fati 
springs for cultivator 


TOLEDO WOODHEAD 


LAMINATED 
SPRINGS 


motive vehicle—with shot blast 
if required. We also supply Tine — 
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Combined 
TAIL and STOP LAMP 


In the campaign for safety on the road, increasing 
attention is being focussed on the need for a higher 
standard of rear lighting on commercial vehicles, 
and C.A.V. have produced a new large diameter 
combined rear light and stop lamp. This latest 
contribution to safe driving is designed for long 
range visibility, to eliminate failure even under the 
most rigorous conditions of usage, and to give 
ease of installation. 


3% in. red light for outstanding visibility 
Twin tail light bulbs in parallel 

High power stop light with bulls-eye lens 
Good illumination of number plate 
Weatherproof, dirt-proof, greaseproof 
Rubber covered for protection 
Waterproof cable entry 


Fully complies with S.A.E. requirements. 


| CAN ction and Electrical Equipment 


174-503 
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O-SPEED AXLES IN TRUCKS TO-DAY 


OVER ONE MILLION EATC 


VICTORIA INGTON, ENGLAN 


Registered REET LONDON 5S.W.1 ENGLAND 


ie 


FORD 
SPEEDS THE PLOUGH 


ARCHDALE 


SPECIALS 
INCREASE PRODUCTION 


ARCHDALE special and standard machines are well 
represented at Ford Motor Company Ltd. on the pro- 
duction of the new FORDSON MAJOR tractor. And 
here is a battery of our No. 3. multi-spindle machines, 
drilling and reaming tappet holes in cylinder blocks. 
If your requirements cover really high production 
drilling, tapping, reaming, boring or milling...or any 
combination of these operations...we shall be pleased 
to co-operate with you on the design and building of 


special machines to suit your specific requirements. 
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precision grinding 


Be it automobile valves, pistons or crank- 


shafts, precision grinding is the method of ensuring accuracy and finish for long 
life. Whilst the diamond too! applications are well known, we manufacture a number 


of special purpose tools for these operations which may be new to you. 


VAN MOPPES & SONS 
TELEPHONE : BASINGSTOKE 1240 (DIAMOND TOOLS) LTD 


BASINGSTOKE’ HAMPSHIRE 
TRADE MARKS DIATIPT DIADUST DIATRU DIANYF DIATUF DIAFORM DIADEX 
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Syndrom ic 


Automatic 


Lubrication 
soon pays 
for i tself 


‘INCREASES YOUR PAYLOADS 10% 


From the moment you equip your vehicle with ‘ Syndromic * Lubrica- 


tion it begins to pay for itself! First, it saves up to 75%, on lubrication 


costs. Then, it ensures less wear on bearings because it automatically 
lubricates up to 40 bearings at periods controlled by mileage. As a 
result, maintenance and replacement time and costs are kept down to 


a minimum. 


But besides all that, *Syndromic’ lubrication saves the hours spent 
FS .. in the service bay. Jt lubricates while the vehicle is working, allowing 
you to increase your vehicles’ payloads by as much as 10% ! 


It’s obvious that * Syndromic’ lubrication soon pays for itself ! 


Ask for a Tecalemit technical representative to call and discuss the 


*Syndromic’ system with you. 


The Authority on Lubrication 
PLYMOUTH, ENGLAND 
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royds 51/5/6 


March 1953 


ted 


Cast 


Telephone : Bowmansgreen 2266 


ENGINEER, 


te 


se well- 


AUTOMOBILE 


i 


ssure tightness 


s of the 


known Oil Filters. John Dale Aluminium Alloy 


+ 


TI 
tT 

+ 


Alloy Gravity D 


astings have achieved these results. 


Consult JOIN DALE L 


4 


ood clean finish and pre 


G 
Die ¢ 


are essential for the filter head 


intum 


Gravity 


... here’s another Die Casting Problem 


THIS was the answer- 


about Alum 
JOHN DALE LTD. (DEPT. TS.3), LONDON COLNEY, ST. ALBANS, HERTS. 


a 
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FOREIGN & COLONIAL Bese DISTRIBUTORS OF MATERIAL 

ENQUIRIES TO IN BULK FOR GT. BRITAIN 

H. JACKSON LTD. | A. NORDBERG LTD. 

OAKENCLOUGH, GARSTANG. ; . 171, QUEEN VICTORIA STREET, 
nr. PRESTON E.C.4. 


: 

4 


Unremitting care in the selection of raw 
materials and in every stage of manu- 


facture at Stocksbridge enables the 


designer of automobiles, aircraft and 
& 


other highly stressed machines to rely on 


Fox steels for high duty applications, 


F 273 
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For strength 
and machinability 


Where strength and rigidity are 
important, Ley’s malleable castings 
are being used very extensively. 
The illustrations show a four-pinion 
differential cage, for a tractor, 
made in ‘Lepaz’. 


LEY’S ‘BLACK HEART’ LEY’S ‘LEPAZ’ PEARLITIC 
MALLEABLE CASTINGS: MALLEABLE CASTINGS: 
Elongation : 18°, Elongation: 6”, 
Yield Point: 16 tons p.s.i. Yield Point: 21 tons p.s.i. 
Tensile Strength: 24 tons p.s.i. Tensile Strength: 35 tons p.s.1. 
LEY'S MALLEABLE CASTINGS COMPANY LTD., DERBY. TELEPHONE: DERBY 45671 


UROPE'S LARGEST MALLEABLE PRODUCERS V 


We offer the full collaboration of our engineers. F 


The Scope of Oilite Self-Lubri- 
cating Bearings and Parts is 

infinite 
It is possible that you are 
not enjoying all the benefits 
resulting from the use of these 
unique products — May we 
‘ send you the publications that 

products a interest you? 


etallurgy 
powder Our Technical Staff will be 


pleased to discuss any partic- 


ular application. 


GRAMS: OILITE IPSWICH 
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MATERIALS 
OF HIGHEST QUALITY 


MACHINES 
OF LATEST DESIGN 


FABRICATORS WITH 
NEWEST TECHNIQUES 


Allimportant British producers, moulders 


and fabricators of plastics materials, and 


those who supply raw materials or equip- 
ment, will be “At Home” to the world for 
the 2nd British Plastics Exhibition and 
Convention. Exhibits will include : 
Materials— synthetic resins, moulding 
materials, laminates, sheeting and other 
essential ingredients. 
Products— technical and industrial com- 
ponents, consumer goods, etc. 
Plant & Equipment — presses, extrusion 
machines, moulds and accessories, etc. 
The Convention, held simultaneously, 
ave AND CONVENTION _ will promote a broader understanding of 
the Industry and provide a_ progress 
OLYMPIA : LONDON “ ’ report on recent developments. Write 
NOW for full details. 


MAIL THIS TODAY 


To the Exhibition Manager, 
BRITISH PLAS TICs 


Dorset House, Stamford St., London, S.EF.1. 


ADDRESS 
Please send me the 1953 Exhibition Brochure, 


Convention details, free season ticket, ete. 
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SPECIAL 


Very high Annknock 
Sparkling Performance 


( 
Smooth Running 
Extra Mileage 


use? 


GUARANTEED 


General Purpose 
Superb Value 


There are no better quality petrols than those supplied by 


LEVELAND 


THE SPECIALISTS IN 


MOTOR SPIRITS 


Pre-war motorists well remember what CLEVELAND QUALITY means. 
Others have a real treat to enjoy. It was no secret that each 


of the Cleveland Brands supplied in the nineteen-thirties was the most popular 
in its price group. Cleveland premium grades pay by increased 
miles per gallon, and add a pleasure to driving unknown for thirteen years. 


Try them for yourself 
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STO CONSUMER 


AL 


Ware 


WE PROCLAIM OUR POLICY of selling Desoutter Small Power Tools direct. 


The reasons are simple: 

We put the Little Horses into the Tools. We want to know to what homes 
they are going and what work they will be expected to do. We may think 
some other small power tool better suited to the job and if so we shall tell you. 
Secondly we like to know—and tackle—your production problems. We don’t 
claim that we know ail the answers (shrieks of protest from our Little Horses!). 
But we do say that it is our business to look for the answers—and we often 
find them. 

There are other reasons why direct contact between us and our customers is 
good for both sides, but the simplest and best of all is that when we sell a 
Desoutter Tool we want to know that it is doing its job. 


Desoutter tools put power into your hands 


Desoutter Bros. Ltd., The Hyde, Hendon, London, N.W.9 Telephone: Colindale 6346 (5 lines) Telegrams: Despnuco, Hyde, London 


SI 


AUTOMOBILE ENGINEER, March 1953 


Fie 
DIRECT FROM NURSERY 
=~ 
~ 
* 
ay 


RUBBER 
METAL 
CANVAS 


GLASS 


S.180 is one of a range of industrial 
adhesives by D.S.P. We shall be glad 
to send you particulars of the full 


range and what they do for industry. 


DUNLOP SPECIAL PRODUCTS LTD., FORT DUNLOP, BIRMINGHAM 24. Tel: ERDINGTON 2121 


asec Calo 
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5 and 10-speed 
gear-boxes 


The top illustration shows the Fuller 
10-speed gear-box, comprising the 
famous five-speed box with 


a Fuller two-speed auxiliary 


box built on to it, thus pro- 
viding a ten-speed box for 


heavy-duty operation on large trucks. 


This unit is to the usual Fuller stand- 
ard of high-duty, with all forward 
gears helical, and all changes, includ- 
ing reverse, by dog-clutches. On 
both of these boxes the gears are 


shot-peened and crown-shaved, to avoid stress concentration. 


The lower illustration shows the Fuller 5-speed gear-box. Every gear 
is helical and engaged by dog-clutches and to reduce shaft deflection 
to a minimum the mainshaft is supported on three bearings, and the 
layshaft kept short, making one of the highest-duty gear-boxes ever 
produced. 
Exclusive European Representatives 
AUTOMOTIVE PRODUCTS COMPANY LTD., 


Brock House, Langham Street, London, W.1, England 
Telephone ; Langham 2527 


— 
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The heavy vehicle world is full of Metalastik contributions 
to greater smoothness. The majority of manufacturers of 
diesel chassis fit Metatastik resilient engine mountings. / 


Other Metalastik contributions are the ultra-duty bush,  / 
and the Metalastik heavy duty shackle pin for very heavy | 
vehicles, eliminating metal-to-metal contact and inevitable 
wear. 


The Metalastik 
torsional 
vibration damper 


Metalastik development work now proceeding, will find 
us equally well prepared for coping with the problems 
of I.F.S. on passenger vehicles. 


In addition, there are the ‘Metacone’ body-mounting, 
safeguarding the coachwork from undue racking stresses, 
and the propeller-shaft bearing mounting. All these 
Metalastik specialities, incorporating the famous Metalastik 
rubber-to-metal weld, owe much of their success to their 
development and dynamic testing with our extensive 
research equipment. 


Another valuable contribution: the Metalastik torsional 
vibration damper, combining great durability with an 
outstanding efficiency in suppressing torsional vibrations. 


J The Heavy Duty 
shackle pin 


ne of our many engine mountings 
y 


seals 
rings 


sleeves 


bearings 


engineers with foresight have been quick to 
appreciate the advantages of CARMET*, and everywhere, 
more and more, they are specifying this material. Combining 
the strength of meta! with the self-lubricating properties of 
Carbon; there is extremely low wear rate, a favourable co- 
efficient of friction and good resistance to high temperatures. 
Our Engineers will be pleased to advise you on its application, 


he MORGAN CRUCIBLE 


COMPANY LIMITED 


BATTERSEA CHURCH ROAD, LONDON, $.W.11 
Telephone: Battersea 8822 Telegrams: “Crucible Souphone, London,” 
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-where a washer must also act as a seal, 
a Dowty Bonded Seal will perform this 
dual role with maximum efficiency. 
Handy for storage, Bonded Seals also 
provide simple fool-proof assembly and 
are suitable for use with either fluids or 
gases under a wide temperature range. 
Many of the standard sizes available are 
capable of with standing pressures up to 
10,000 Ib in. 


B.1.F. (Birmingham) 
STAND No. C.115. 


By courtesy of The Ford Motor Co., Ltd. 


SEALS ASHCHURCH GL Os: 
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BOUND BROOK POWDER METALLURGY 


What are tts 
possibilities 


The scope of the powder metallurgy process is not 

always fully appreciated. This technique, by producing 
machine parts quickly and cheaply, justifies the change 
from conventional methods. By the use of precision dies, 
accurately finished dimensions are achieved and so costly 
machining is eliminated. If your parts are suitable, exact 
reproduction can be made by powder metallurgy, otherwise 
a slight modification will normally bring them into line for 
production in this way. We would like you to read our 
leaflet “Sintered Components by Powder Metallurgy”’. 
May we send you a copy? 


SINTERED METAL PARTS 


BOUND BROOK BEARINGS LTD., TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 
(A Birfield Company) Telephone: Lichfield 2027-2028 
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CORK MANUFACTURING CO., LTD. SOUTH CHINGFORD, LONDON, E.4. 
Telephone : SiLverthorn 2666 (7 lines) (Associated with Flexo Plywood Industries Ltd.) 
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MARA 


THE CACO SEAL 


British Patent No. 479743 


The Scientifically Designed Oil Seal for Rotary Shafts. A Gaco Product. 


Large Face Angie Sealing Edge 
below spring.” 

Knife edge Contact’ ot. Sealing Point. 


Sealing Point stiffened: local deforma tic 
by large included angle. ~ 


This section: to deformatic 
under load, 


Shaft angle gives earance 
Flexible Web, ne 


Gaco ‘Skin ‘affords: ‘fit 
Housing. 


“HAIRLINE? uP 


© 
6 
© 
€ 
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ANGUS OIL SEALS 


GEORGE ANGUS & Co 


FLUID SEALING ENGINEERS 
NEWCASTLE UPON TYNE, 6 
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Specialised modern plant is employed in all stages of 
manufacture and only precision ground bars of high 
quality steel produced entirely in our own works are 
used. Unmachined Torsion Bars are made for other well 
known makes of cars in addition to those mentioned 
above, and also large Torsion Bars for heavy vehicles. 


Produced in accordance with a rigid specifica- 
tion based on our wide experience of forging, 
heat-treatment and machining procedures and 
designed to give the best metallurgical condi- 
tions and mechanical properties required for 
long life under arduous operating conditions. 


ENGLISH STEEL CORPORATION LTD: SHEFFIELD 
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There is certainly no company which has given more thought than Glacier to the 


development of plain bearings —- thin-wall, thick-wall, in all bearing metals. That, 


for years, has been their particular field. 


REGD. TRADE MARK 


THE GLACIER METAL COMPANY LIMITED, ALPERTON, WEMBLEY, MIDDLESEX 
MAKERS OF GENUINE THIN-WALL BEARINGS AND THICK-WALL BEARINGS 
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me HERBERT 


HIGH-POWER CARBIFACE 
Awo CARBIFINE CUTTERS 
TIPPED ARDOLOY 


CARBIFACE. For use on 
medium to high-powered 
machines for machining 
steels and cast-iron. 

Eleven sizes 3” to 16” dia. 
CARBIFINE. For light cuts 
oncast-ironand non-ferrous 
materials. High degree of 
surface finish on interrupted 
surfaces, 

Eleven sizes—3” to 16” dia. 


Other types for specific 
operations on various 
materials available 


@ POSITIVE TOOTH LOCKING ARRANGEMENT. 
THE TEETH CANNOT MOVE EVEN UNDER TEST CONDITIONS 


@ TEETH WITH DIFFERENT RAKE ANGLES CAN BE FITTED IN THE SAME 
CUTTER BODY. UNBROKEN RING OF METAL OUTSIDE TOOTH HOLES. 


ALFRED HERBERT LTD « COVENTRY 
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The above photograph shows 


the heavy machining of a gas jot 
turbine disc in a highly-alloyed 


austenitic steel. The tool is of 
Cutanit grade I.C.C. which is 
widely used for this class 
of work. 


JESSOP & SON 
BRIGHTSIDE WORKS SH LD 


TRADE MARK 


CEMENTED CARBIDE 


A METRO-CUTANIT PRODUCT 


JJ SAVILLE & COLTD- 


TRIUMPH WORKS SHEFFIELD | 
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BURNABY ROAD, COVENTRY 
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This new AC partial-flow oil filter with replaceable element meets 


the increasing demand for a filter that can be removed for inspec- 


tion and replaced every & 10,000 miles. 


It provides a permanent 


installation for coupling into a by-pass oil supply system and_ the 


filtering element can be replaced without disturbing pipe connec- 


tions. Sump oil is filtered on an average of ten times an hour. This 


means less motor wear and longer motor life — the objective of 


every motor manufacturer, 


inspected 


AIR CLEANERS - 


BREATHERS 


SPEEDOMETERS 


OIL FILTERS - 


WINDSCREEN WIPERS - 


AIR SILENCERS CRANKCASE 


CAR HEATERS FUEL PUMPS 
GAUGES - INSTRUMENT PANELS 
THERMOSTATS SPARK PLUGS 


DIE CASTING 


We'll gladly help when you plan a new design or modify an existing one. Write to 


AC Technical Bureau, 54 The Butts, Coventry, 


or “phone Coventry 61747. 


AC-DELCO DIVISION OF GENERAL 
MOTORS LTD., DUNSTABLE, ENGLAND 


and Southampton, Hants. 
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the metal of the age 


Motor vehicle components and _ fittings made 
of Stainless Steel cause no anxiety to the owner 

the surface can never wear or peel off; the metal is 
stainless right through. There is no need to polish; 


STAINLESS just a wipe with soapy water and they come up 


STEEL bright and unspotted for the whole life of the car. 


“Silver Fox” Stainless Steels are now available tothe 


Kegistered rade Marks 


discriminating motorist in ever-increasing quantities. 


Our colour photograph shows Hub caps by courtesy of the Ford Motor 
Company. Steering Wheel by courtesy of Wilmot Breeden Limited. 


COMPANIES 


SAMUEL FOX & COMPANY LIMITED 
Associated with The United Steel Companies Limited 
STOCKSBRIDGE WORKS : Nr. SHEFFIELD + ENGLAND 
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Bolts, Nuts, Rivets, Screws 


quick Studs & Washers in all metals 


and threads e Pressure Gauges 


e Reducing and Relief Valves 
Steam Traps, Cocks and Valves 


for every service ¢ Ground 


* personaly Flat Stock e Lifting Tackle, Ball 


& Roller Bearings, Transmission 
Equipment e Machine Tools 


ee Ferrous & Non-Ferrous 


Tubes and Fittings « Pumps 
ePlumbers Brassfoundry. 


WE ARE ALSO EXPERTS IN NON-STANDARD 
SPECIFICATIONS AND SHALL BE PLEASED 
TO RECEIVE YOUR ENQUIRIES. 


Walkers 


— . Personal service means that your call is handled 
immediately by someone who can not only take all 
your instructions, but is ready and technically able to 


offer practical, helpful advice. 
Official Stockists Her p pf 


FISCHER 


BALL AND 


M. W. WALKER & STAFF LTD. 
ROLLER BEARINGS ENGINEERS MERCHANTS 
IBEX HOUSE MINORIES LONDON E.C.3 


Phone: ROYal 8191 “oLines) ‘Grams: Makerlaw, Fen, London 
MIDDLE EAST BRANCH BAHREIN, PERSIAN GULF 
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MADE BY THE PIONEERS 
IN PRECISION 
STEERING 


EFFORTLESS 
STEERING AND 


GREAT DURABILITY 


Hardened cam and roller. 


Tapered roller bearings (with detachable 
cones on the larger sizes). 

Double bearing support to rocker shaft. 
End-location adjustable. 
THE *‘MARLES 
DOUBLE-ROLLER 
GEAR, made in a Very compact box. 
range of sizes For fore-and-aft or transverse layout. 


Larger angular movement. 


covering every type i 
ering every type Trunnion or spigot mounting alternative 


of chassis. 
on heavy types. 


ADAMANT 
ENGINEERING CO. LTD., DALLOW ROAD, LUTON 
Sole proprietors of the Marles Steering Company Ltd. 
Lelephone: LUTON 2662 (4 J/ines). Telegrams: ADAMANT, PHONE, LUTON 
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Manufactured in 
STEEL 
STAINLESS STEEL 
BRASS, COPPER 
OR WITH 
PLATED FINISH 
IN SIZES FROM 
DIAMETER 
UPWARDS 


EXORS. 


BREDBURY 


Please ask for 
our literature 


and samples 


GROOVED STUDS 


Easy to fit—no tapping 
only two operations 


DRILL & ORIVE HOME / 


OF JAMES MILLS LTD. 


TEEL WORKS AND ROLLING MILLS 
NEAR STOCKPORT ENGLAND 


Telegrams: “MILLS” PHONE WOODLEY 


Economica astenings from stock 
j ae 
- 
A 
4 “4 Ad 
y 
: 
Telephone: WOODLEY 2231 (10 lines) 
J 
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LLOYDS 


NEVER TAKE CHANCES 


There is no finer body of sportsmen than the Foundrymen 
of Lloyds—outside working hours. But they never 
take sporting chances inside the foundry. They insist 
on certainty. Precision is their watchword. Step by step 
through every process, from the selection of raw materials, right 
through every heat to the finished casting, 
Lloyds metallurgists test and test. 
ae il Percentages of constituents are compared 
with customers’ specification, and if corrections are necessary they 
are made before pouring commences. No wonder Lloyds Iron 
Castings are so flawless, so accurate, so strong. No wonder engineers 
praise their machinability and durability. Write for a copy of 


“Iron Marches On’’. 


LLOYDS HIGH DUTY IRONS are cast with certainty 


LLOYDS (BURTON) LTD., WELLINGTON WORKS, BURTON-ON-TRENT TELEPHONE: BURTON 3867 


A Print for Industry Ltd., Advertisement 
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| 
| The thread is 
| standard to your 
| requirements it's the 
| STAYING PUT 
| POWER 
that counts 


These photographs reproduced by courtesy of the 
Rover Co. Ltd., show Philidas nuts in position on a 
sectioned chassis section of the Rover car. Like many 
other leading motor manufacturers, the Rover Co. 
use Philidas nuts because : 


@ They are immovable except with a spanner. 
@ Their efficiency is unaffected by heat, vibration, 


oil contamination or by repeated applications 1f ] ki 
and removals. se Oc ing nuts 


@ They are manufactured entirely from metal in one STAYING PUT on the 


piece, and in all the usual thread types. 


An advisory division including personal repres- Cye of Silat Sime Ctr» 


entation by skilled technicians is at the service of 


engineers. Full information about this organisation 
will be sent immediately upon request to PHILIDAS DIVISION OF WHITEHOUSE INDUSTRIES LIMITED 


Midland Area Office : FERRYBRIDGE - KNOTTINGLEY 
19 EATON ROAD c YORKSHIRE 
OVENTRY Telephones: Knottingley 320-1-2-3-4 


Telephone : Coventry 60457 Telegrams: Whitehouse, Knottingley 
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STILL FOREMOST 


HE name CAPASCO has been permanently associated with the 

development and perfection of Heavy Duty Moulded Brake 
Linings right from the start. CAPASCO pioneered the way, and is 
still leading this highly specialised field. CAPASCO Moulded Brake 
Linings are daily proving their efficiency and reliability under the 
most arduous conditions and in all forms of Transport. 


Press Moulded Homogeneous  y Uniform Wear to ‘Wafer’ 
Structure Thickness 
High Mechanical and Impact ™ 


Strength 
Rapid ‘Wet’ Recovery Non-Abrasive to Brake Drums 


Impervious to Oil and Grease 


Extreme Resistance to Suitable for Medium and Heavy 
Frictional Fade Duty Application involving 
Dimensional Stability High Temperatures 


NON-FADE 


14-116 STREET - LONDON W. 


Phone : : GROSVENOR 6022 PBX. Grams: “INCORRUPT, LONDON” 
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But what about 


One of the most practical advantages 


of gas is the speed with which / / 
it gets into action. With gas there is ow < 
no long waiting and warming-up process — a Jets ? 
its full heat is available day 
and night at the turn of a tap. 


And in the same way there is no waste 


of heat or fucl at the end of a job. 


Such speed is worth minutes 
every working hour 


— and hundreds of pounds a year. 


Mr. THERM IN GENERAL ENGINEERING 


Among the great variety of uses of gas are: 
general heat treatment, flame hardening, an- 
[ nealing, tempering, case hardening, normal- 
Mr. OUTTS SCTUC if ising, preheating, metal melting, core drying, 
forging, brazing, soldering, oxy-town gas cutting, steam raising, 


THE GAS COUNCIL + I GROSVENOR PLACE. LONDON. SWI water and space heating. 
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... the first 
scientifically designed 
flexible mounting 
fitted to the 


1.F.S. of a Production Car 


rovides a wi 
The mounting whing and its 
ginan LF.S. of the coil $P 
ot the top oF 
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To minimise the transmission of 
road noise to the body by the 
coil springs, Silentbloc Frustacon 
mountings have been incorporated 
in the I.F.S. of the 1952 Rover ‘75’. 
This notable step forward in the 
reduction of noise is another 
example of co-operation between 
car manufacturers and Silentbloc 


Ltd. 
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MOSS GEARS 


THE MOSS GEAR COMPANY LIMITED crown works - TYBURN - BIRMINGHAM, 24 


Telephone : ERDington 1661-6 Telegrams : ‘Mosgear, Birmingham 
67260 
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SCANDINAV 


provided by your | 
LOCAL GIRLING SERVICE AGENT 


will keep your car or commercial vehicle 


WAY OUT AHEAD 


* FACTORY LINED REPLACEMENT BRAKE SHOES 
REPLACEMENT DAMPERS 


HYDRAULIC SPARES Rubber seals, Hoses, Master and Wheel Cylinders 
GENUINE GIRLING SPARES factory trained personnel to fit them efficiently 


GIRLING LIMITED 
KINGS ROAD: TYSELEY BIRMINGHAM 
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ALL FOUR BASIC TYPES 
OF ROLLING BEARINGS 


AND UNRIVALLED KNOWLEDGE OF EACH 


Not only is Skefko the on/y British manufacturer of the 
four basic types of anti-friction bearing, all produced 

in their factories at Luton, but the &€SiF organisation 

is world-wide. It embraces eight manufacturing 

units Comprising nineteen factories in various countries. 
The combined experience of all these is kept fully 
informed by an intricate system of exchange of the 
most advanced technical information on different 


applications—from every point of the compass. 


= BEDS 


THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: 
BALL, CYLINDRICAL ROLLER TAPER ROLLER AND SPHERICAL ROLLER 
G35 
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Power Output 


LAIMS that have recently been made concerning 
the increased b.h.p.capacity ratio for certain 
American automobile engines, have led to our 
carrying out an analysis for most of the current 

British engines and for one or two American and Con- 
tinental designs. The results were such as to cause some 
little surprise, and on the face of things they were in some 
respects rather disturbing. ‘That there should be an 
appreciable divergence in the ratios for an engine for a 
low-price vehicle and an engine for a fairly high-price 
vehicle was only to be expected, but it was disconcerting, 
to say the least, to find that of two engines for vehicles 
in the same price range, one claimed a 90 per cent greater 
maximum power output per cubic inch of swept volume 
than the other. 

It is pleasing to know that of all the engines considered, 
an English design had the highest ratio. It was sub- 
stantially higher than any figure yet quoted for the latest 
designs of American engines. To engineers conversant 
with the engine in question the Jaguar Mark VII, this will 
not be surprising. It is well known that in the development 
of this engine, considerable experimentation was carried 
out to determine the shape of combustion chamber and 
the engine breathing characteristics generally needed to 
give the optimum results in service. 

The importance of combustion chamber shape and 
breathing characteristics are recognized by all automobile 
engineers, but only too often they receive only lip service. 
This is to be regretted, since careful attention to these 
details undoubtedly offers the cheapest method of obtaining 
greater output from a given capacity. The development 
work would, of course, take longer and be more costly, 
but once the optimum conditions were established, pro- 
duction costs should not be materially affected. Any 
extra development cost would be amortized over a relatively 
large number of engines and the added cost per unit would 
be small. 

That the American manufacturers are striving to obtain 
substantially increased output per cubic inch of swept 
volume and are publicizing the results, suggests that they 
may once again soon be striving to regain the position 
they held in export markets in pre-war years. For the 
time being, the publicity seems to be aimed at the American 
home market, but it would be foolish to discount the 
possibility that it may soon be aimed at a wider market. 

Inevitably, many factors must influence the share of 
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export markets that will fall to individual manufacturers 
and individual countries, but the efficiency of the power 
unit will always remain one of the most important. It is 
therefore, desirable that steps be taken to ensure that 
British power units are developed to give optimum efficiency. 
Although the b.h.p. capacity ratio is not an absolute 
measure of efficiency, it will generally be found that an 
engine with a high ratio has a higher overall efficiency 
than a lower ratio engine. 

A high ratio is definite evidence of good combustion 
and breathing characteristics. It is therefore practically 
certain that the rate of carbon deposition will be appreciably 
lowered. There is a two-fold advantage from lower carbon 
deposits. First, the engine remains at near its original 
efficiency for longer periods and therefore will have better 
fuel consumption figures; and second, the intervals 
between decarbonizations will be greatly extended. 


Materials Handling 


N the past four or five years the automobile industry 
has shown a very much keener interest in materials 
handling than ever before. Even in pre-war years, 
the industry showed much more interest than any 

other engineering industry in the problems concerned with 
the movement of materials. Then, however, the interest 
was almost solely concerned with movement within the 
factory, and substantial economies were effected by using 
mechanical conveyors to transfer work from one location 
to another. These developments gave savings in direct 
labour costs, and also gave less obvious savings in that the 
conveyors acted as stores, and so released for productive 
purposes floor areas that would otherwise have been 
needed as storage space. 

During the post-war years there have been further 
developments in handling materials within the factory. 
Of these, probably the most important is the wide use now 
made of fork-lift trucks. These have also reduced the 
superficial area needed for stores, since they have made it 
easy to store vertically as well as horizontally. 

It is substantially correct to say that until comparatively 
recently, the problems of materials handling were considered 
as being confined within the four walls of the factory. 
In fact, that is still the attitude in some organizations. 
However, an increasing number of planning engineers 
now realize that for maximum efficiency, the control of 
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materials handling must start at the despatch bays of 
suppliers’ factories. 

The first step in this direction was taken when certain 
component suppliers were persuaded to despatch their 
products in palletized loads of uniform quantities. ‘This 
practice again reduced the need for storage areas, since the 
palletized loads could in many cases be transferred direct 
from the receiving bay to the production department. 
Unfortunately, even now the best possible use is not made 
of this practice ; only too often the supplier uses a type of 
pallet that is far from satisfactory to the user of the product. 
This is a matter that calls for the closest co-operation 
between the supplying organization and purchasing 
organization. Undoubtedly, the return of the buyer’s 
market will lead to an improvement in this respect. 

A more recent development that, so far as we are aware, 
is peculiar to the Austin Motor Co. Ltd. has great potentiali- 
ties in the matter of transport between supplier and user. 
Briefly, the Austin Motor Co. Ltd. ask that in suitable 
cases standard trailers be used for delivering materials to 
their factory. This system is a logical development of the 
unit pallet load system. It is already working successfully 
in the case of radiator supplies. 

The Austin Motor Co. Ltd. have gone very far in 
reducing the volume of materials kept in stock and they 
hope to go even farther. The ‘“‘trailerized” loads (we 
apologize for the barbaric term that has been adopted as 
a designation for the system) should do much to help 
towards further reduction of stocks. As the radiators are 
finished, they are loaded into a trailer that gives them 
complete protection against the weather. ‘The trailer 


stands out in the open until its load is called for. The 
adoption of this system has released for productive use in 


the radiator factory, an area that would otherwise have 
been required for stores. 

When further supplies are needed at the Austin factory, 
an empty trailer is sent to the radiator factory and a full 
one is brought back. The full trailer stands outside at 
the Austin works until its contents are required. ‘This 
system has substantial advantages, but it does call for close 
co-operation between the supplier and the automobile 
manufacture if the full benefits are to be obtained. For 
maximum efficiency and economy, supplies should be 
received in low volume at high frequency. Only so can 
the capital locked up in work in progress be kept to a 
minimum, an important factor at any time, but now of 
more than usual importance because of our present fiscal 
and monetary policy. 


This system greatly simplifies the problem of storage 
space. All that is required is a concrete floor on which the 
trailer can stand until it is unloaded. There is therefore 
a much lower capital charge than would be needed for a 
conventional stores. All-in-all, there is little doubt that 
properly applied this system can show economies for both 
the supplier and the user. 


Ameriean Trends 


NFORMATION recently received from an engineer 
associated with American automobile manufacture 
suggests that the trend of developments in the 
United States will most probably follow a pattern 

very different from what has been expected by automobile 
engineers in this country. The cardinal point that our 
informant made is that basic price is the decisive factor 
in sales. So much so in fact that one model had bad sales 
last year merely because the basic price of an immediately 
competitive model was 50 dollars lower. 

We in this country have become accustomed to thinking 
that American trends were towards greater and greater 
complexity, as indeed they have been. Apparently a reversal 
of policy is now imminent. Whether the change in policy 
will be effective remains to be seen. Many American car 
owners have already become conditioned to simplified 
driving through the use of automatic transmissions ; will 
they be prepared to return to the manual use of the gearbox? 

If our informant is correct in his suppositions, automatic 
transmissions as we now know them and power assisted 
steering will be fitted to many fewer cars, but the demand 
for them has been created and will continue. No doubt 
the American car owner is like his British counterpart. 
He wants a low basic price but he will still expect the 
refinements to which he has become accustomed. Designing 
to a price and still attempting to meet all the wishes of 
prospective owners is a thankless task. It will be interesting 
to learn how American designers meet it. 

It may be taken for granted that, in the U.S.A. at least, 
automatic transmissions have come to stay, but not 
necessarily in their present form. The probability is that 
there will be intensified efforts to develop a much cheaper 
and simpler form of partly automatic transmission. This 
seems to be the logical development for the American 
home market. The development of such transmissions 
will be easier in America than in this country. Here, fuel 
costs are important, in the U.S.A. they have little or no 
effect on the choice between different makes of cars. 
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HERE are many who do not fully understand the 
principles that must be applied to the design of engine 
mounting systems for road vehicles. ‘his is not 

surprising since few, if any, modern text books deal with 
the subject at all comprehensively, and the majority of papers 
cover only specialized sections of the problem. As a result, 
there is in some quarters a lot of muddled thinking, and 
many fallacious theories still remain to be discredited. 

Before motor driven, self propelled vehicles were manu- 
factured on a commercial scale, the general practice as 
regards the mounting of stauonary engines was to anchor 
them as securely as practicable to a firm foundation. It was 
natural, therefore, that the same practice should be continued 
in the motor vehicle, and that the foundation on which the 
engine was mounted should be the chassis frame. 

However, it is of interest to note that in many cases the 
frame was not a stiff enough foundation, and that because of 
weaving and other forms of distortion, it was often found 
necessary to isolate the engine from the effects of frame 
movement. This was done either by mounting the engine 
on a sub-frame which usually had a three-point attachment 
to the main frame, or by incorporating some other device to 
prevent loads from being transmitted through the engine 
crankcase. 

Although it is more usual nowadays to think of flexible 
engine mountings as a means of isolating the frame from 
the vibrations of the power unit, the converse must also 
be considered. This is particularly so for commercial vehicles 
in which frame distortion may be considerable and may 
impose severe strains on rubber mountings. Some manu- 
facturers have even gone to the opposite extreme, and use 
the crankcase as a structural member in the frame. This 
practice is currently adopted in vehicles such as _ tractors, 
for which small size or extreme sturdiness is more important 
than freedom from transmitted engine vibration. Indeed, 
the crankcase and transmission casings in many cases 
perform the functions of the chassis frame. 

Two main considerations make it desirable to isolate both 
commercial vehicle and private car structures from engine 
vibrations. One is that noise and transmitted vibration are 
fatiguing. ‘Therefore, a vehicle with a well mounted engine 
is not only more pleasant to drive than one with a poorly 
designed system, but also accidents due to driver fatigue are 
less likely. The other consideration is that engine vibrations 
apply alternating loads to the vehicle structure, which may 
cause fatigue failures. These failures may be costly to 
repair and are liable to cause loss of goodwill towards the 
manufacturer. A third factor, of importance particularly 
where private cars are concerned, is that complete freedom 
from vibration and noise is associated by the general public 
with the more expensive luxurious cars, and is a valuable 
selling point. 


Fundamental requirements 

The primary object in supporting a power unit on flexible 
mountings is to isolate the vehicle structure from engine 
vibrations. In order to do this as effectively as possible the 
natural frequency of the engine on its mountings must be 
as low as practicable, relative to the forcing frequency, for 
all the appropriate modes of vibration. This follows from 
the fact that the proportion of vibration transmitted, or the 
transmissivity, is given by: 


where f the forcing frequency, and 
f, the natural frequency of the system. 

Engine designers are, of course, familiar with the vibra- 
tional characteristics of various types of engine, which may 
be recapitulated briefly. There are primary out-of-balance 
forces due to the main reciprocating masses comprising the 
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Fundamental Principles and Mounting Details 


pistons and the proportion of their connecting rod masses, 
and the secondary component which is due to the modifica- 
tion of the simpie harmonic motion by the connecting rod. 
There are higner harmonics but their amplitudes are small 
and frequencies so hig. that they are rareiy of any practical 
significance. In addiuon taere are torsional viobrations due 
to the firing impulses and to the inertia of the reciprocating 
masses. Forces due to incompletely balanced rotating parts 
may also be experienced in a few designs. 

Whether or not the other vibrational characteristics men- 
tioned can be eliminated depends on the engine layout. For 
instance, in a four cylinder in-line engine, the primary forces 
are eliminated since, with the plane crank arrangement, the 
pistons move up and down in pairs, and the motion and 
hence the forces due to one pair are opposite to and balance 
those due to the motion of the other. Moreover, since the 
pairs are each symmetrical about the centre of the block, 
there are no out-of-balance couples. However, there are 
secondary out-of-balance forces since the pairs of cranks 
are spaced 180 deg apart, and the secondary frequency is 
twice the primary. It follows that when the cranks have 
turned through 180 deg the secondary has moved 360 deg 
and the forces are therefore added. In a six cylinder engine 
with cranks at 120 deg, all inertia forces of any practical 
significance balance out; moreover the torque also is 
relatively smooth. 

The frequency that ts often of particular importance so 
far as engine mountings are concerned is the half order 
frequency in four stroke engines and the first order in two 
stroke units. ‘This is the frequency of vibration due to 
uneven strength of firing impulses, caused by imperfect 
mixture distribution to the cylinders. It is of importance 
for two reasons. The first is that most engines have this 
defect at least in a small degree, and the second jis that it 
is a relatively low frequency vibration. The 1, 15, 2, 24, 3 
and 34 etc. orders may occur when the firing impulses of 
the different cylinders are unequal. Other vibrations may be 
excited by the valve gear and camshaft. However, these are 
generally of small magnitude, and are usually automatically 
catered for by a mounting designed to absorb the half order 
already mentioned. 

The lowest frequency of engine vibration that must be 
isolated from the vehicle structure determines the degree of 
flexibility necessary in the mounting. In fact, for satisfactory 
isolation the natural frequency of the power unit on its 
mountings should be no more than half that of the exciting 
frequency. The natural frequency in torsion of a flexibly 


mounted engine is given by f, 9-55 cycles /min, 


where Q- the stiffness of the mounting system in I|b-in/ 
radian, and J~ the mass moment of inertia, in Ib-in® about 
the principal axis. So far as vertical vibrations are concerned 
the natural frequency is given by f, 7 cycles/min, where 
\ 

«the static deflection, in inches, of the mounting under 
the weight of the power unit. 

There is another factor, besides natural frequency, which 
must be considered in design. That is the size of mounting 
which must be employed. The size is determined by the 
strength of mounting necessary to support the weight of the 
engine under dynamic loading due to the motion of the 
vehicle when travelling over rough terrain. Furthermore, 
bottom gear torque reaction must be catered for, as well as 
the largest amplitudes of vibration, due to internal out-of- 
balance forces, of the engine on its mountings. 

Motion of the vehicle over rough terrain produces 
maximum vertical acceleration of 3g according to Johnson 
and Heyl'. Experimental work carried out in this country 
ceems to indicate that rebound loads are in some cases 
approximately equal to bump loads, although the reason 
for this is somewhat obscure. It is considered advisable 
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therefore to consider the 3g load as being reversible. Loads 
of +1g may be experienced longitudinally due to braking 
and acceleration, and +1g laterally due to cornering. A 
factor of safety of 1-5 should be applied to these loads. It 
would appear likely that a factor of 2-0 on the maximum 
engine torque will cater for bottom gear conditions when 
the clutch is let in suddenly. 

The amplitudes of motion due to the vertical or, where 
appropriate, the horizontal out-of-balance forces may be 
determined from the equation: 

mo P, sin wt 
dt 
where m_ the mass supported on the engine mountings, x is 
the deflection from the static position, k~ the stiffness of 
the mounting system, and P, sin»t is the out-of-balance 
force. ‘The solution of the equation is given by Den Hartog 
ds: x 
] 
where x the static deflection of the engine on its mounting 
is the natural frequency of the system, and « is the forcing 
frequency. 
‘Torsional amplitudes may be derived from the equation 
di 
where J is the mass moment of inertia about the appropriate 
principal axis, ¥ is the amplitude of angular motion, Q is the 
torsional stiffness of the mounting 
system, and ‘IT, sinet is the torsional 
cut-of-balance force. The solution is 
similar to that for the translatory forces. i 
A magnification factor 1s 
obtained, and muluplied by the deflec- - 
tion that would occur if the out-of- , 
balance torque were applied statically | 
to the mounting system. ‘The resulting 
detlection must then be added to that 
due to the appropriate steady torque, | 
and the total will be the maximum 
deflection under normal running con- 
ditions. ‘This will rarely exceed the 
torque due to suddenly engaging the 
clutch in bottom gear. 

Another torsional vibration which Ax 
must then be considered is that caused 
by rocking couples. ‘These may be 
caused not only by reciprocating un- 
balanced forces acting about a point on 
the transverse plane of symmetry of 
the cylinders, but also by the same 
forces acting about the centre of 
gravity of the engine and gearbox unit. 

This follows from the fact that the 

centre of gravity is rarely on the plane 

of symmetry of the cylinders, and 

forces passing through any point other 

than the centre of gravity will cause 

rotation of the unit as well as transla- 

tional motion. The principles already 
described again apply for determining 

what must be the natural frequency in 

torsion in this mode, as well as the 
amplitudes of motion. However, in con- Fig. 1 
ventional four cylinder engines, the 
only rocking couples normally experi- 
enced are those due to the secondary 
unbalance forces acting in the plane symmetry which is 
offset from the centre of gravity. Six cylinder engines with 
a 120 deg crank arrangement may be completely balanced, 
so there are no rocking couples.° 

At present very little information is available about the 
magnitudes and modes of chassis frame deflections. | Un- 
doubtedly it is a much more serious problem in commercial 
vehicles than in private cars. However, it is felt that 
experimental work on the subject, if methodically analyzed, 
would yield results which could be translated into empirical 
data that could be used in engine mounting design, as well 
as in other connections. 


fin wt 


Qy T, sin ut, 
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Such experimental results would have to be related to 
different forms of structure and cross sections, various widths 
and lengths of frame, as well as weights of vehicle, and the 
position and number of bedy mounting points. Thus it can 
be seen thet to deal with the subject adequately, the experi- 
mental programme would be a long one, and the results 
would probably give only approximate indications as to the 
defections likely to be experienced. 

The physical properties of rubber mixes vary so widely 
ihat it is only possible to give some approximate rules for 
guidance in determining the allowable stresses.4 In com- 
pression the static strain should not exceed 10-15 per cent 
and the allowable strain varies with the area ratio. This in 
bonded units is the ratio between the area of rubber bonded 
t metal and the free area of rubber. When the area ratio is 
high, that is when the rubber sandwich is thin by comparison 
with is bonded area, the lower limit will be suitable, but 
when it is low the upper value can be used. 

Under shear, the allowable static stress is not so high, and 
should be limited to 501b/in*, or to such a value that the 
strain does not exceed 80 per cent. The stress appropriate 
to the lower of these two conditions should be adapted for 
design purposes since, with soft grades of rubber, the stress 
at 8O per cent strain will be below 50 Ib/in’. Rubber is much 
more flexible in shear than in compression, and advantage of 
this property may be taken in the design of mountings. 

Iv is not advisable to load rubber in tension. This is because 
under these conditions minute crevices 
tend to open and draw in corrosive 
substances, principally ozone, which 
shorten the life of the unit. In mount- 
ings loaded in shear, there is also an 
associated principal tensile stress, but 
if a compressive pre-load is applied to 
eliminate the tensile component, the 
life of the unit may be increased. All 
the design criteria given in this and the 
preceding two paragraphs are of 
general application. However, for 
engine mountings, a useful rule of 

‘ thumb is to limit the shear stress to 
30 1b/in* and the compressive strain to 
12 per cent under the dead weight of 
the engine and with maximum bottom 
gear torque applied. 


\ Arrangement of the system 
\ Two main considerations influence 
\ the layout of the mounting system. One 
| ais that the out-of-balance forces due 
| to the reciprocating masses act in the 
| transverse plane of symmetry of the 
| cylinders. The other is that torsional 
vibrations take place about an axis 
which passes through the centre of 
gravity of the engine and gearbox unit, 
and which is rarely either horizontal or 
coincident with the axis of the crank- 
a shaft journal bearings. 
3 { The first stage in the design process 
is to esumate the position of both the 
centre of gravity and the axis about 
which the unit will vibrate torsionally. 


Centrifugal forces acting on a At the drawing board stage this can 
spinning body tend to make it rotate about only be guesswork based on experience 
its principal axis 


of previous engine designs. For this 
reason it is essential that the supports 
for the rubber mountings should be designed in such a way 
that their position may be altered during the development 
stage without involving costly tooling changes. This can be 
arranged in several ways, one of which is to make use of a 
flange on the engine plate to carry the front mounting, and 
to fit suitably designed belted-on brackets at the rear. If the 
best possible results are to be obtained to give complete 
freedom from engine excited vibration and noise in the car, 
the mounting design cannot be finalized until a prototype 
has been made. Only then can the necessary data be 
ebtained experimentally. 

First the location of the centre of gravity must be 
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determined exactly. For this 
operation all the engine 
accessories such air 
cleaners, etc., must be on the 
engine. A mass equal to } 
of the weight of the pro- 
peller shaft should be bolted 
to the companion flange for 
the universal joint at the rear 
end of the gearbox main- 
shaft. The centre of gravity 
of this mass should be at the 
posiion of the universal 
joint centre. A mass equi- 
valent to the oil must be 
wedged in the sump. ‘This 
mass should be of a material 
of roughly the same specific 
gravity as oil in order that it 
may be cut to approximately 
the same shape and size as 
that portion of the sump 
normally occupied by oil, 
and so that the centre of gravity position will be the same. 
No doubt the error would be very small if paraffin wax 
were run into the sump and allowed to set. 

The centre of gravity check may be made in a number of 
different ways, but a convenient method is as follows. A 
beam is supported horizontally beneath two spring balances, 
one at each end, arranged so that they each carry an equal 
proporuion of the weight of the beam. The supports for the 
spring balances should be such that their height may be 
adjusted to maintain the beam in a horizontal position when 
it is loaded. A centre line is marked transversely exactly 
mid-way between the two supports. Next, saddles are 
mounted over the beam to carry the engine slings. ‘The slings 
should be of such a length that they will support the engine 
below the beam with its cylinder axes parallel to the vertical 
plane containing the longitudinal axis of the beam. A turn- 
buckle may be incorporated in the sling to facilitate final 
adjustment. Machined faces on the cylinder block or crank- 
case are suitable for use at datum planes. 

Next, suspend the saddles and slings from the beam in 
the appropriate position relative to one another to support 
the engine in the correct attitude. They should also be so 
disposed about the centre line that each balance supports an 
equal portion of the total weight. Remove the slings, and 
ittach them to the engine which should then be lifted 
beneath the beam so that the slings may be hooked on the 
saddles. As the engine is lowered again and its weight taken 
by the beam, the height of the spring balance supports 
should be adjusted to maintain the beam in a_ horizontal 
attitude. Then, by taking moments about the supports, the 
position of the centre of gravity relative 
to the front and rear ends of the engine 
may be calculated from the readings of 
the spring balance less the initial read- 
ings due to the weight of the slings and 
saddles. Another method of determin- 
ing the centre of gravity position is to 
employ a three point suspension. Then, 
from the load at each point, the posi- 
tion of the c.g. in two dimensions may 
be calculated. 

The first method may be used to 
determine both the height of the centre 
of gravity and its lateral position rela- 
tive to appropriate datum planes. To 
obtain these positions, the engine must, 
of course, be suspended with its longi- 
tudinal axis in the same vertical plane 
as before but turned through 90 deg so 
that the cylinder axes are horizontal, 
and again with its longitudinal axis 
horizontal and at right angles to the 
axis of the beam. The apparatus 
required for centre of gravity 
determination should be part of the 
permanent equipment of _ the 


Fig. 2. 


The Perkins P6 engine mounting installation in the 
Dodge truck 


Fig. 3. Details of the Dodge rear mounting 
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development — department. 
Having determined one 
point’ through which the 
axis of oscillation of the 
engine passes, the next step 
is to locate the axis positively 
by determining its angle of 
inclination to the horizontal. 
This axis would be a prin- 
cipal axis of inertia of the 
engine and gearbox unit if 
the torque ‘impulses acted in 
a direction parallel to it. In 
fact, the two axes are not 
parallel, but errors resulung 
from the assumption that 
they are will be small, and 
may be ignored. 
Nevertheless, a back- 
* ground of knowledge as to 
what actually happens is 
always useful, since it enables 
the designer to foresee and 
understand phenomena, the occurrence of which might 
otherwise take him by surprise. A mass has three principal 
axes of inertia which are mutually perpendicular. In engine 
mounting design we are concerned mainriv with the two 
axes in the longitudinal vertical plane. The mass moment of 
inertia about these axes is in one case a maximum and in 
the other a minimum, and a polar diagram of the moments 
of inertia about all other axes passing through the same 
origin, that is the centre of gravity, is an ellipse. In other 
words, the two principal axes of inertia are the major and 
minor axes of the ellipse. 

It follows that if the mass is rotated about an axis other 
than the minor principal one, centrifugal force will impose 
on it a couple tending to turn the mass until it does rotate 
about a principal axis, Fig. 1. Moreover, to accelerate the 
mass about any axis other than the major principal axis 
through the centre of gravity, a greater amount of energy 
will be required. The least moment of inertia is that about 
the major axis of the ellipse, and when rotating freely under 
the influence of a couple, the mass will take the course of 
least resistance. If a mass is accelerated about any axis other 
than one through the centre of gravity, the inertia of the 
portion of the mass on one side of the axis will be larger 
than that on the other side. As a result the part on the 
lighter side will accelerate and move faster than that on 
the heavy side; this amounts to a tendency to rotate about 
the centre of gravity. 

If the direction about which the torque acts is not parallel 
to a principal axis, other influences which modify the motion 
are brought to bear. The applied torque may be resolved 
into two components, one about the 
nearest principal axis and the other 
about an axis at right angles to it, that 
is, about the other principal axis. If, as 
is often the case with a conventional 
engine and gearbox arrangement, the 
torque axis and the principal axis are 
separated by only a_ relatively small 
angle, the component about the prin- 
cipal axis adjacent to the torque axis 
will be by far the greater one. Thus the 
effect of the other component will be 
so small that it may be ignored without 
introducing appreciable errors as a 
result. 

Another reason why the effect of the 
angular offset of the torque axis is 
negligible is that the magnitude of the 
torque fiuctuation is small relative to 
the mass moment of inertia. It is easy 
to understand that a large torque acting 
on a body having a small moment of 
inerua will have a much more over- 
powering effect than if the order of 
magnitudes is reversed. It follows that, 
because the magnitude of the out-of- 
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Fig. 4. Lateral adjustment in the rear mounting assembly common 
to the Daimler CD 650 and CVG 6 is provided for accommodating 
the different engines 


balance forces increases with speed, the deviation of the 
axis of oscillation from the principal axis also varies with 
engine r.p.m. Again, this deviation is small and may be 
ignored. 

Before the method of determining the angular position 
of the principal axes is described, a belief that is fairly 
widely held must be discredited. This belief, which is 
erroneous, is that the axis about which the engine oscillates 
is one passing not only through the centre of gravity, but 
also through the centre of the universal joint at the rear of 
the gearbox. It arose from the fact that many early patent 
specificauions concerning the flexible mounting of engines 
incorporated this arrangement. Experience has shown that 
the angle through which the propeller shaft oscillates, as a 
result of the joints being offset from the axis of oscillation 
of the engine, is too small to cause torsional fluctuations of 
any appreciable magnitude. The method of determining 
the position of the principal axes of inertia in the longi- 
tudinal vertical plane is first to find by experiment the mass 
moments of inertia about any two axes mutually perpendi- 
cular in the same plane. Then the moment of inertia about 
an axis bisecting the angle between the other two must be 
determined. 

Let J, and J, the moments of inertia about the 
principal axes, YY and XX 
# the angle measured from any other pair of 
mutually perpendicu- 
lar axes, xx and yy to 
XX and YY respec- 
tively 
the moments of inertia 
about the axes xx 
and yy 
J. the moment of inertia 
about an axis zz at an 
angle of 45 deg to xx 
and yy. 
Then, by substituting in the following 
expression the values obtained experi- 
mentally for J,, J, and J,, the angle @ 
may be found. 
23 


two 


J, and J, 


Tan 


The values J, and J, may be obtained 
by substituting the known values in the 
following pairof simultaneous equations 
and then solving them. 

Jxt+Jy=J.+J, 

GJ.—J,) Sec2¢ 
In order to avoid further complication, 
the mathematical derivation of these 
formule has been relegated to the 
appendixes, 
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Fig. 5. The Daimler underfloor engine mounting arrangement 
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Two methods of determining the mass moments of inertia 
about the arbitrary axes xx and yy, and zz will be described. 
Both must be carried out as accurately as possible, since the 
final result obtained by the calculations given above is the 
difference of two moments of inertia. This difference may 
in some cases be very small, and an error of small magnitude 
may represent a large percentage of the final answer. 

The first method is based on the compound pendulum 
theory. Knife edge supports are used to carry the power 
unit in such a way that it may swing about any axis, above 
and parallel to the arbitrary axis xx, which passes through 
the centre of gravity. The engine, thus supported, is set 
in motion so that it swings backwards and forwards, care 
being taken that the angle of swing is not too great. This 
precaution is necessary since the theory is based on the 
assumption that the angle of swing is small. The time taken 
to complete a number of oscillations is checked with a stop 
watch, and hence the time taken to complete one is calcu- 
lated. The larger the number of oscillations timed, the 
greater ‘s the accuracy of the final result. 

Let T the time in seconds for one complete oscillation 
k the radius of gyration about axis xx 
d_ the distance between the axis of oscillation and 
the axis xx 
32-2 ft/sec’ 


Then, T —2: 


or, k? —0-815T*d —d? 
Then, if J, the moment of inertia about the axis xx 
and W_- the weight of the power unit, 
J k 


This procedure is repeated to find the moment of inertia 
about the axis yy and again about zz. It is probably most 
convenient to choose the axes xx and yy such that they are 
parallel and perpendicular to the axis of the crankshaft. Then 
a wide choice of reference planes is available when setting 
up the engine for the experiments. 

The second method that may be employed to determine 
J., J, and J. is to suspend the power unit, on either two or 
three light wires, first in such a manner that the axis xx is 
vertical. The unit is caused to oscillate about this axis, and 
the time taken to complete a large number of oscillations 
measured. Then this is repeated for the axes yy and zz, and 
the times for one oscillation are calculated in each case. 

Let W~ the weight of the unit, in Ib 
L the length of the suspension wires, in ft 
R_ the radial distance between each suspension 
wire and the axis of oscillation, in ft 
, the angle between the wires and the vertical 
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“—the angle of twist of the unit from its static 
position, in radians. 
Ihen, the restoring force for a small deflection is: 
WR? 
sin» I 
and the restoring couple per unit displacement 


The restoring couple M 


Again care must be taken to ensure that the oscillations are 
of small amplitude. 

All the basic information necessary to determine the 
layout of the system is now in hand. The general principles 
to be followed are that the mountings must be so positioned 
that the unit is free to oscillate about its appropriate 
principal axis; it must also be free to vibrate in the direction 
of the reciprocating out-of-balance forces; and it must be 
positively located against fore and aft motion which might 
interfere with the operation of clutch and other controls. 

Under resonant conditions the engine and gearbox 
assembly will tend to oscillate, as has already been explained, 
about the principal axis. If it were not 
mounted in such a manner that it could 
rotate freely about that axis, lateral 
forces would be applied to the mount- 
ings. Thus, one of the principal reasons 
for adopting this arrangement is to 
avoid these undesirable lateral vibra- 
tory forces. 

The actual arrangement adopted will 
almost certainly be determined by the 
layout of the vehicle structure. Never- 
theless, the fact that engine mountings 
must be catered for should always be 
borne in mind when designing the 
structure. In that way, problems may 
often be circumvented at an early stage 
in the vehicle design, whereas later 
they might not be solved so easily or 
so satisfactorily. 

In general, the greater the radius 
from the principal axis to the mountings, the softer must 
be the rubber, and the more difficult it is to obtain satisfac- 
tory isolation against torsional vibrations. The same prin- 
ciple applies so far as longitudinal spacing of the mountings 
is concerned. The longitudinal spacing determines not only 
the degree of isolation obtainable from rocking couples 
about the transverse plane of symmetry of the cylinders, but 
also from that obtainable against couples due to the offset of 
the axis of percussion from the centre of gravity of the power 
unit. The axis of percussion is a term often used to denote 
the line of action of the reciprocating forces. 


A 


rig, 7 


Fig.8. The Chrysler Floating Power System 
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rig. 6. A high front mounting point is employed on the Armstrong 
Siddeley Sapphire 


Opinions vary on the subject of the correct longitudinal 
disposition of mountings. However, experience does suggest 
that the front and rear mountings should take approximately 
equal loads. In this way neither is required to work under 
excessively severe conditions, and the requirement with 
regard tc the ratio of vertical to torsional stiffness is 
reasonable. 

In some current and past designs, in which the rear 
mounting is a long way aft of the 
centre of gravity, it} would hardly 
seem possible that adequate flexibility 
can have been incorporated to ensure 
effective isolation of the structure 
from reciprocating —out-of-balance 
forces and couples. However, this 
arrangement may have been, in some 
cases, difficult to avoid, since the lay- 
out of the vehicle structure has made 
it difficult to carry the rear mounting 
at a point further forward. 

Certain types of mountings should 
not be set in a vertical transverse 
plane, and rarely, if ever, should any 
type be positioned normal to the axis 
of the crankshaft. A little thought on 
this subject’ will indicate that the 
plane in which the mountings are set 
ought to be, if possible, normal to the 
axis of torsional oscillation; and the stiffness in a direction 
parallel to the exis of the cylinders must be such as to give 
adequate isolation of the structure from reciprocating forces. 

However, there are certain circumstances under which 
the mountings may be set vertically. When sandwich type 
front mountings are employed they are often arranged in 
a transverse vertical plane in order that they may be more 
effective in supporting the weight of the engine. If the sand- 
wiches were set at an angle to the longitudinal horizontal 
axis there would be a tendency, which would have to be 
reacted at the rear, for the engine to slide backwards down 
the inclined plane of the mountings. This layout in the 
transverse vertical plane is justified in the following manner. 

The oscillations of the engine about the principal axis 
may be resolved into two components, one about a hori- 
zontal axis and the other about a vertical one. With the 
mountings positioned in the vertical plane, the component 
about the horizontal axis is properly catered for. If a hori- 
zontal sandwich is employed directly below the axis at the 
front, the component about the vertical axis is also adequately 
isolated from the vehicle structure. However, with a Vee 
arrangement of sandwich mountings, this component is 
reacted partly by shear in the rubber and partly in com- 
pression. If the proportion reacted by compression is small, 
the arrangement in the vertical plane is evidently satisfactory, 
since the majority of manufacturers have adopted it. The 
method of calculating the correct Vee angle is described 
at the end of the section on commercial vehicles. 

The setting in a transverse plane at an angle from the 
vertical in certain cases may have another advantage in that 


Arrangement of Vee mountings 
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Fig. 9. A rubber bushed link type of front suspension is used on 
the Gardner engine installation in the E.R.F. chassis 


wt leads to a greater degree of firmness in reacting inertia 
loads due to braking or acceleration. Apart from the angular 
setting, positive longitudinal location may be built into the 
mountings. This will be discussed later in connection with 
individual mounting unit details. 

Torque stops are sometimes incorporated to limit the 
amplitude of oscillatory motion of the engine under extreme 
conditions of resonance, and to limit its travel at full torque 
or when the clutch is engaged violently. Such stops, to some 
extent, defeat the object of fitting flexible mountings. They 
are rarely necessary with six cylinder engined cars and even 
with four cylinder units; it is better where practicable to 
allow the engine to move freely over its whole range of 


travel However, 
stops are nearly 
always required 


on trucks, because 
of the low gear 
ratios employed. 


Commercial 
vehicles 
Commercial 
vehicle mount- 
ings have to 
satisfy the 
requirements al- 


ready mentioned, 

Fig. 10. Examples of plain rubber-to-metal and some others 
bonded sandwich type mountings as well. Fleet 
operators are 

much more cost-conscious so far as maintenance is con- 


cerned than private car owners. As a result engine removal 
must be easily effected. Moreover, it should be possible to 
remove the gearbox without taking out the engine. Another 
characteristic of commercial vehicles that affects the engine 
mounting is the large frame deflections. 

To meet all these requirements a single, low front point 
is cften used in conjunction with two rear points, one on 
each side of the engine crankcase, Figs. 2 and 3. This 
arrangement has the additional advantage that it is generally 
easily adapted to conventional frame designs. A disadvantage 
is that the rear mountings may be somewhat heavily loaded. 
However, sometimes the two rear mountings are positioned 
one on each side of the gearbox. When different types of 
gearboxes or alternative engines are available to suit 
customers’ requirements, a means of adiustment is often 
provided to alter the lateral position of the rear mountings. 
The installation of the Daimler CD 650 and C.V.G.6 power 
units is an example of ad ustable mountings at the reer to 
accommodate different engines, Fig. 4. 

Changes to a different type of gearbox, and indeed any 
ether major change, may alter the position of the axis of 
oscillation, Therefore in all designs, commercial or private 
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car, types of mounting most adaptabie to changes of axis of 
oscillation should be employed if possible. Sandwich mount- 
ings are probably best and rubber bushed trunnions worst 
in this respect. 

In general, the vibrational impulses developed by com- 
mercial vehicle engines are, of course, larger than in 
passenger cars. However, the mass and inertia of the engines 
is greater, and thus the mountings are made of a more robust 
design, so they are automatically capable of withstanding 
the larger vibratory loads. 

In diesel engines, unlike petrol units, the magnitude of the 
impulses does not decrease as engine torque is reduced. This 
is because of the method of governing these engines by 
controlling the rate of fuel supply. Troublesome frequencies 
lower than the second order are rarely experienced, since the 
distribution and therefore firing is much more even than in 
petrol engines. The range of frequencies to be catered for 
1s smaller in diesel units because of their lower maximum 
speeds. “Torque fluctuations are large at idling and when 
pulling away at low speeds. 

So far as flat underfloor engines are concerned, the funda- 
mental 1equirements are the same as for vertical engines. 
‘The fact that these requirements ar not met in some designs 
might account for the high noise level occasionally experi- 
enced in this type of vehicle. The main difference between 
the underfloor and vertical layouts is that with the flat 
engine the principal axis is horizontal or nearly so, but it 
often is not parallel to the longitudinal axis of the vehicle. 

An example of a current underfloor engine design is the 
Daimier, Fig. 5. At the front, a Vee arrangement of two 
double sandwich units is employed. The lower plate of each 
of the two sandwiches is supported inside the bracket which, 
as can be seen in the illustration, has on its top face five 
vertical studs. The two upper plates are carried on separate 
brackets on the engine. At the rear, two similarly arranged 
double sandwich units may be seen in the _ illustration. 
Retween them, to provide axial restraint, is a tie rod rubber 
bushed at each end. Both the lower plates and the rear eye 
of the tie rod are 
carried on a suit- 
ably shaped cross 


piece. The rear 
mountings are 
higher than those 
at the front, but fh repr 
both pairs are 


focused on a point 
en the axis of 
oscillation. 

It must be em- 
phasized that in 
focusing the sand- 
wich type mount- Fig. 11. 
ings, allowance 
must be made for 
the ratio of com- 
pression stiffness:shear stiffness. This may be done as 
follows. In Fig. 7, A and B are the two sandwich mountings 
viewed from the front, O is the point of intersection of two 
lines perpendicular to the plane of each sandwich drawn 
from the centre of the mountings, and I is the instantaneous 
centre in the transverse plane in which the mountings are 
set. Another line is drawn through OI and projected until 


Some bonded sandwich type 
mountings with a centre plate for stabilizing 
the rubber portions of the units 


A selection of Metalastik vertical sandwich units with a 
load carrying centre plate 


Fig. 12. 
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it meets AB at N. Thus IN is perpendicular to AB. Let 
angle AIN=:, and angle 
the system must be such that tan 2x tan 1/k, where 
k~ the ratio of compression stiffness: shear stiffness. 


Front mountings 

Because of the need to support the weight of the engine, 
and since translational inertia is greater than rotational 
Inertia, all mountings must be appreciably stiffer in the 
vertical direction than torsionally. It this were not so, unduly 
large deflections would be obtained. Fortunately, greater 
stiffness im the vertical direction still results in satisfactory 
vibration isolation, because the vertical frequencies are of 
the second ordei and are appreciably higher than the half 
order torsional vibrations likely to be experienced. One way 
of providing these characteristics is to carry the engine on 
rubber bushed trunnions, one at the front and one at the 
rear, the axes of which are in line with the axis of oscilla- 


tion. This arrangement is not often possible at the rear, but 
is sometimes employed at the front. One of the latest 
designs incorporating this feature at the front is the 


Armstrong Siddeley Sapphire, Fig. 6. 

This type of mounting was the subject of several patents 
in the 1930’s. Probably the Chrysler Corporation were the 
first in the field when they introduced the well known 
Floating Power arrangement, Fig. 8. The main disadvantage 
of this system is that it calls for a high mounting point at 
the front which, because it is mid-way between the two sides 
of the engine, calls for long and often slender arms to 
support it. Moreover, it is not always possible to incor- 
porate the mounting in that position, because of the close 
proximity of the fan, water pump, and drive. With this 
type of mounting it is, of course, essential to provide some 
form of positive longitudinal 
location. This is usually 
done at the rear mounting. 

In this country, Meta- 
lastik Ltd. have for many 
years manufactured under 
licence Floating Power 
engine suspension units, and 
further developed the idea. 
The first rubber bushed 
trunnion mountings, al- 
though they had adequate 
flexibility to absorb torsional 
vibrations, were far from 
ideal as a protection against 
the undesirable effects of 
vertical or transverse oscil- 
lations. If a quantity of rubber large enough to give 
characteristics satisfactory in all respects was incorporated, 
the mounting was generally too large to be accommodated 
in the confined space available. 

The first logical development was to use a half of a larger 
bush that had been in effect split diametrically. This semi- 
circular segment was positioned below the trunnion pin, 


Fig. 15. 


In the Rover 75 two Metacone mountings are fitted at 
the rear, with their axes in a transverse plain perpendicular to 
the axis of oscillation 
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Then the geometry of 


Fig. 14. Some slotted and plain Metacone units 
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Fig. 13. The rear of the Lanchester 14 engine and gearbox unit 
is carried on the centre plate of a vertical sandwich mounting 


and in this way the top half, which did very litthe work 
in any case was eliminated. ‘The next step was to split the 
half bush vertically to make two quarters which could be 
positioned at any convenient radius below and to each side 
of the axis of oscillation. 

Yet another simple modification of this system was the 
use of a plain horizontal rubber sandwich directly below 
the axis of oscillation. Later it was realized that such a 
mounting could be used much lower down where it could 
be secured conveniently to the crankcase or sump. In this 
position the weight of the 
engine, and vertical out-of- 
balance forces are taken by 


compression. On the other 
hand, torsional vibrations, 
which give rise to trans- 


verse motions of parts of the 
engine immediately below 
the axis of oscillation, are 
taken by the rubber shear. 
The flexibility in shear and 
compression of this type of 
unit may be increased by 
using thicker’ rubber 
insert, with one or more 
metal plates included in the 
sandwich to prevent exces- 
sive bulging of the rubber under compression. 

The principal disadvantage of all these sandwich type 
mountings, where the weight of the engine is taken by the 
rubber in compression, is that rebound loads are taken in 
tension, and when bonded components are used this is not 
a particularly desirable feature. It is a factor to be carefully 
considered when designing vehicles to be used on rough 
terrain, either in this country or overseas, but is not so 
important for passenger cars designed for reasonably good 
roads. Rebound loads may be catered for by incorporating 
rebound stops in the mountings. However, this inevitably 
makes it more expensive, and as a general rule the simpler 
mountings are more effective. 

An alternative, giving equally good support for both bump 
and rebound loads, is to suspend the engine from two links, 
one on each side. Each link has a rubber bushed eye at 
both ends. The upper end is trunnion mounted on _ the 
vehicle structure while the lower end carries the engine. 
Under static conditions the links may be more or less hori- 
zontal, so that the weight of the engine 1s supported mainly 
by the bushes in torsion. However, bump or rebound loads 
cause additional deflection and are taken mainly by tension 
in the links and compression in the bushes. Thus the unit 
lias a variable rate which increases with the load. 

This arrangement again is more expensive than most. 
However under circumstances such as might arise in chassis- 
less vehicles where the main structure is high relative to the 
engine, the link type unit could be less expensive than 
incorporating cradle-like member to carry more 
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conventional 
mountings. It has 
an advantage over 
the single high 
point trunnion 
mounting in that 
a greater thick- 
ness of rubber is 
available take 


compression 
| loads, and the 
links are more 
! side of the 
x x engine. 
A twin link 


Fig. 16. Diagram for Appendix 1 front mounting is 
shown in Fig. 9. 
In this example, which is the Gardner engine installation in 
the E.R.F. chassis, the links are more nearly vertical, and will 
therefore give a more positive reaction to heavy bump and 
rebound loads. At the rear, a single horizontal bush is 
employed with its axis directly above the axis of oscillation. 


Rear mountings 


‘The principles on which rear mounting layouts are based 
are much the same as those applicable at the front. However, 
in many cases, the principal exception being in some com- 
mercial vehicles, the static load is not so great. Moreover, fore 
and aft location is often effected by the rear mounting. 

It is rarely, if ever, possible to employ at the rear a single 
rubber bushed trunnion with its axis in line with the axis 
of oscillation, Nevertheless, one or more of these units are 
often incorporated with their axes in a transverse plane and 
at right angles to a radial line between the axis of oscillation 
and the mounting point. If one unit alone is fitted, it must 
be eithes directly above or below the axis of oscillation. 

Thus, torsional loads are reacted by axial shear in the bush, 
while vertical and longitudinal loads are taken in compres- 
sion. It is possible by removing some of the rubber from 
appropriate parts of the bush to make it stiffer in compres- 
sion in one direction than in another. The greatest stiffness 
is required in the direction of the longitudinal axis of the 
cngine. When two bush type units are fitted, the Vee layout 
is usually adopted. With this arrangement torsional loads 
are reacted by axial shear while vertical ones are reacted 
partly by shear and partly by compression. By the use of a 
suitable Vee angle, the correct ratio between the stiffness in 
ecch direction is obtained. 

A horizontal sandwich type mounting Figs. 10 and 11, is 
sometimes employed at the rear but, in addition to the 


troubles _ that 
might arise from \ 
rebound loads, it / 
has the disadvan- \ 
tage that further \ \ 
measures must be | 
taken to provide 
fore and aft loca- 
tion. The same 
objection with 

respect fore | 

and aft location 
applies to a simple Se 

sandwich unit 

in a_ transverse 
plane. 

A more satis- 
factory arrange- 
ment is. the vertical 
the engine supported by the centre-plate, Fig. 12. 
Both torsional vertical loads are taken by the 
rubber in shear, while the fore and aft loads are taken in 
compression. It should be noted, however, that when the 
unit is in a plane normal to themxis of oscillation, it is not 
parallel to the axis of percussion. Thus, there will be a 
small component of the reciprocating out-of-balance forces 
taken by compression in the rubber. A compressive pre-load 
may be applied to counter the tensile stresses complementary 
to the shear in the rubber. This has the effect of increasing 
the life of the unit. The Lanchester Leda, Fig. 13, is an 
example of a current design incorporating this feature. 

Cone type mountings are often employed at the rear, and 
occasionally at the front. With these units, Fig. 14, axial loads 
are taken partly in shear and partly in compression. The 
proportion taken by compression increases with the load so 
that the unit has a variable rate, which to some extent 
obviates resonance problems. These, like the simple bush 
type units, may incorporate slots in the rubber to give 
different stiffness rates in different directions. They are 
usually set, one on each side of the engine, in the plane 
normal to the axis of oscillation. but with their axes vertical 
when viewed from the front. This arrangement is employed 
on the Rover 75, Fig. 15. 


Fig. 17. Diagram for Appendix 2 


double. sandwich unit’ with 
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APPENDIX 


1. Yo find the polar moment of inertia ¥ about any axts, 
given the principal moments of inertia, Fig 16. 

Let Jy and Jy be the principal moments of inertia. 
Let J, and J, be the moments of inertia about any other axis 
Ox and Oy. 


Then y PM 
y cos sin 
and x x cos y sin 
If 5A is the element at P, then 


(y cos 0—x sin 0)? dA 

fy*dA—2 cos: sin fyxdS sin*@ /x*dA 
0, since OX and OY are the principal axes, 

Jy cos? Jy sin? (i) 
Jy sin? cos? 4 (il) 


but xyoA 
therefore J, 
Similarly, J, 
add (i) and (11) 
Jet +5 
2. To find the principal axes, Fig 17. 

When a mass is without an axis of symmetry, the position 
of the principal axes may be determined as follows : 
Find the position of the centre of gravity and take any pair 


of mutually perpendicular axes Ox and Oy through it. 
Let OZ bisect the angle yOx, and let OX and OY be the 
required principal axes. Then J,, J, and J, equal the polar 
moment of inertia about OX, OY and OZ, and Jy and Jy 
equal the polar moment of inertia about OX and OY. 

Jy cos? 0)+-Jy sin® (454-0) 


4 Jy [1+ cos (90 4 Jy [1—cos (90 + 28)] 
Jy [1—sin 20] Jy [1+ sin 20] 
Jy—Jy) sin 26 
(J, 3 Jy—Jx) sin 20 
2J. sin 20 (iii) 
Also, by subtracting (i) from (ii): 
J,—IJ, Jy cos? cos? 6—J, sin® @ 
Jy (sin? 6@—cos? (cos? 6—sin? @) 
(Jy—J x) (cos? 6—sin? 0) 
Ji—J. x) cos 2 (iv) 
but from (iii) : 
Jy—Jx) sin 2 (v) 


by (iv) 
2J7—(J. Jy) 
| 


Divide (v 


Tan 2 0 
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TURBO-CHARGED DIESELS 


New Engines Developed by aukesha Motor Company 


185 hp. 
turbo-charger 


IVE engine sizes are now being 

produced by the Waukesha Motor 

Company, Waukesha, Wisconsin, 
U.S.A., as turbo-charged units and the 
range includes relatively small engines. 
This Company was one of the first to 
exploit the fairly recent availability of 
commercially produced turbo-chargers 
of small size. ‘They also claim to be 
first engine builders to preduce a 
turbo-charged engine with only 426 in’ 
displacement. 

Turbo-chargers have been applied to 
five basic engine sizes, three suitable 
for transport or industrial service and 
the two largest as complete units for 
industrial service. All the engines are 
heavy-duty, six-cylinder, four-stroke 
cycle units. The three transport models 
have displacements of 426, 779 and 
1197 in®. Respective stripped engine 
maximum powers are: 185, 280 and 
352h.p. The equivalent) maximum 
powers without turbo-charging are: 
147, 200 and 225 h.p. 

AH the engines incorporate the 
Waukesha spherical fuel combustion 
chamber. The design of the spherical 
cavity and the tangential throat opening 
into the main combustion chamber 
promote controlled turbulence and help 
in obtaining clean, complete combus- 
tion. An insulating air space surrounds 
the lower half of the combustion 
chamber, and the retained heat is given 
up to the air during compression. This 
reduces ignition lag, and since the 
amount of heat retained varies with the 
load, this feature has the effect of 
advancing or retarding the time of com- 
bustion. The upper half of the chamber, 
including the injector mounting bore, 
is water jacketed. 

American Bosch injection equipment 
suited to the engine size is fitted to all 


Waukesha engine with Schwitzer-Cummins 


Waukesha turbo-charged diesels. Single 
orifice, pintle-type nozzles are used. 
The smallest engine has single- 
plunger, flange - mounted — injection 
pump. The others have multi- 
plunger, bracket - mounted pumps. 
Variable speed centrifugal governors, 
mounted on the injection pumps, are 
used on the three transport models. 
The larger engines have centrifugal 
type governors operated through the 
engine gear train. 

Two designs of turbo-charger are 
used. ‘The smallest engine the 
Schwitzer-Cummins turbo, while the 
Hilliot turbo is standard equipment for 
the other four models. On the three 
smaller engines the turbo is ordinarily 
top-mounted on the exhaust manifold. 
On the two larger units the turbo 1s 
mounted on the rear end of the exhaust 
manifolds. At top engine speeds, the 
rotating elements of the turbo-chargers 
turn at a speed that may be as high 
as 40.000 r.p.m. 

All the special features that contri- 
bute to the long life and reliability of 
Waukesha diesels are incorporated in 
the turbo-charged models. The cylinder 
liners are of special alloy; the connect- 
ing rods are heat-treated drop forgings; 
and the pistons are of heavy duty 
design with chromium plated wedge- 
type top rings. Precision type, replace- 
able bearings are used. The water and 
oil pumps are built-in types, and 
Stellite faced valves and Stellite inserts 
are standard. Depending upon the 
service requirements the drop forged, 
heavy crankshafts, with large diameter 
hardened and ground journals, may be 
supplied with or without counter- 
balancing. Full pressure lubrication is 
common to all models. 

The advantages of using a turbo- 


352 h.p. Waukesha diesel with 


Elliot turbo-charger 


charger to utilize the waste energy in 
exhaust gases for supplying a denser 
charge of air to the engine have long 
been recognized. However, this has not 
been possible hitherto, with transport 
engines, because until fairly recently 
small turbo-chargers were not pro- 
duced on a commercial scale. Further- 
more, older designs of turbo-chargers 
were not) particularly responsive to 
speed changes, and as a result the 
acceleration characteristics of the 
engine suffered. Current design im- 
provements, involving lighter rotating 
parts, improved bearings, better metals 
and more efficient turbines and com- 
pressors have largely solved — this 
difficulty. Prinvarily, turbo-charging 1s 
adopted to obtain a higher specific 
output from the engine. This means a 
better  horse-power/weight ratio, 
increased mechanical efficiency and 
therefore improved fuel efficiency 


Lightweight Bogie 


N the February 1953 issue of this 

journal, the article entitled “ Tippers 
and Trailers” included a description 
of a non-detachable bogie with a special 
suspension system, so designed that 
all the braking strains are taken by the 
ends of the leaf springs which are 
enclosed in a box that contains a rubber 
mounting. Unfortunately, this design 
was ascribed to the wrong manufac- 
turers. Actually, the bogie in question 
was designed and manufactured by 
R. A. Dyson and Co., Ltd., 76-78, 
Grafton Street, Liverpool. We now 
understand that the rubber mounted 
springs are exclusive to Dyson pro- 
duction. 
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THE GAS TURBINE CAR 


A Review of Problems Still to be Solved 


ONSIDERATION of the prob- 
lems involved in the development 
of a successful gas turbine car 


shows many possible difficulties. How- 
ever, except for the problem of fuel 


consumption, most of the difficulties 
that have suggested are 
imaginary. ‘This article sets out to 


show in what way both the turbine 
and the car as we know them must be 
modified and how they must be 
matched together. Unfortunately in 
order to do this, and to make the 
reasons Clear, it will be necessary to go 
briefly into certain aspects of both car 
and turbine design and theory. 

Conveniently we can discuss this 
under three main headings, first the 
problems associated with the turbine, 
second the transmission and additions 
necessary to make the modified turbine 
suitable for the car and last the way 
in which the car as we know it must be 
re-designed to suit the needs of the 
turbine. 

Most of the information contained 
herein is the result of work done by 
the Rover Company, to whose initiative 
and engineering ability, the eventual 
success of the gas turbine car will, in 
no small measure, be due. A few words 
can also be said, although they are 
really outside the scope of this article, 
on the question of how the Motor 


By F. R. Bell 


Industry might have to alter its pro- 
duction and servicing set-up when the 
gas turbine car arrives. 


The gas turbine 
Only the open cycle true gas turbine 
using air as a working fluid, will be 
considered here. A discussion of the 
relative merits of alternative arrange- 
ments such as mixed cycles i.e. steam 
(or other fluids) combined with the gas 
turbine cycle, closed cycles using air 
or other fluids and so-called gas 
turbines using positive displacement 
compressors or turbines, or pulse 
systems would be so involved as to 

require a separate article. 


First and most important is the 
specific fuel consumption the 
turbine since it is in this respect that 


the present small turbines are much 
inferior to the piston engine. Three 
main lines of attack are open. By far 
the best method 1s to obtain sufficiently 
high component efficiencies so that the 
overall efficiency is high, but this is 
impossible in practice. If the efficien- 
cies obtained by the best large aero 
turbines could be obtained on a small 
car turbine, and it should be possible 
to come fairly near this, then a car 
without heat exchangers and using only 
a single stage compressor and single 
stage compressor and power turbines 


could give perhaps 12 miles per gallon 
at all speeds. It should be mentioned 
here that in the whole of this article a 
car turbine will be assumed to have a 
separate power turbine to drive the car 
as in the Rover unit, since one of the 
most important advantages of the gas 
turbine for the car is the torque charac- 
teristic of this type. Without a separate 
power turbine the torque characteristic 
would be so bad that a very complex 
gear box would be required, much 
worse than in the normal car. 

Although it has been discussed before 
by several writers, it is as well to re- 
consider the effects of component 
efficiency on the overall efficiency. 
Perhaps the easiest way to show this 
is to take an actual case. The following 
table shows how a 5 per cent increase 
in turbine efficiency gives a very much 
larger increase in overall efficiency and 
that this increase is most marked at 
the lower powers, that is, at the powers 
used during a large part of the car’s 
service. 


Compressor r.p.m. 27,000 50,000 
Total Turbine 

b.h.p. 25-35 275-8 
Required Com- 

pressor b.h.p. 20-6 188-0 
Output Available 

b.h.p. 4-75 87-8 

BR 


A Burner E Compressor impeller J Free wheel N High-ratio clutch 

B Combustion chamber F Starter free wheel K Regenerative braking shaft P Disc brake 

C Power turbine G Tachometer drive L Shroud ring cooling air Q Reverse clutch 

D Compressor turbine H Friction clutch M Differential R_ Low-speed clutch 
Fig. 1. Elevation of 100 b.h.p. turbine unit with transmission 
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A 5 per cent increase in_ turbine 
efficiency and thus in turbine power 
available results in the following: 
Increase in Total b.h.p. 1-27 
Output Available b.h.p. 6-02 101-59 
Per cent Increase b.h.p. 26-7 15-7 
This gives an overall increase as 
compared with the turbine efficiency 
increase of over 5 times at low powers 
and over 3 times at high powers. As 
the compressor efficiencies cause a 
somewhat similar effect, it can easily 
be seen why. It is because in the small 
turbine these are both down by 
between 5 and 10 per cent as compared 
with the best large aircraft turbines, 
that the overall efficiency is low. It has 
been suggested by some authorities 
that these are fundamental scale effects 
and cannot be avoided but tests have 
shown that while there certainly is a 
scale effect it is actually not very large 
and there is a good possibility of a big 
improvement in the present position. 
As has been mentioned, the best that 
can be expected from improved com- 
ponent efficiency is not sufficient; this 
brings us to the most important con- 
tribution to fuel consumption, the heat 
exchanger. Because of the low 
pressure ratios used in the gas turbine, 
the expansion ratio in the turbine and 
hence the temperature drop, which 1s 
a function of expansion ratio is low. 
This results in a high exhaust tem- 
perature with a consequent wasteful 
rejection of considerable quantities of 
potentially useful heat. heat 
exchanger placed in this exhaust gas 
stream can be used to transfer some 
of this heat into the air before com- 
bustion, so that less fuel is required to 
heat the air to the maximum com- 
bustion temperature usable by the 
turbine and a saving in fuel results. 
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The difficulties with this 
system are twofold. First, it is difficult 
to transfer heat without having either 
a large surface or a high pressure drop, 
which cannot be tolerated owing to the 
loss of power it causes. It is therefore 
necessary to pack large areas of thin 
sheet metal or tubes into a small space 
without creating any restriction or 
awkward corners to cause loss. This, 
in practice is an extremely difficult 
problem and has not yet been really 
satisfactorily solved, although the solu- 
tion seems reasonably near. Second, 
if a unit that has reasonably high heat 
transfer and low losses is developed, it 
may suffer from thermal stresses which 
cause cracking. This is easily cured by 
making the matrix thick enough but 
the unit is then heavy and expensive. 
Attention to detail, however, has 
resulted in a big improvement in life 
and there is every hope that continued 
development will produce adequate 
life. 

Owing to the decrease in expansion 
ratio with a decrease in speed, the 
temperature drop in the turbine falls 
much more than the maximum 
temperature, therefore the exhaust 
temperature and hence the tempera- 
ture rise of the air in the Feat 
exchanger falls less than the turbine 
inlet temperature. This results in the 
heat exchanger supplying a_ greater 
percentage of the heat required to 
drive the turbine at low than at high 
powers. A good heat exchanger might 
halve the fuel consumption of the 
engines at full power and reduce it to 
one-third at low powers. Since it is 
at low powers that the gas turbine 
shows the worst comparison with the 
piston engine, it can easily be seen that 
the heat exchanger is the real answer 


=. 


A Sound absorber 
B Exchanger air outlet 
C Heat exchanger 


Fig. 2. 


D Exchanger gas inlet G Air intake 
E Oil pump 


F Fuel pump J 


H Compressor delivery 
Exchanger air iniet 


to high fuel consumption and primarily 
it is the development of a satisfactory 
heat exchanger that is holding up the 
use of the gas turbine in the auto- 
mobile at present. 

There are three distinct ways of 
tackling the next problem. This is the 
time taken to accelerate the compres- 
sor unit when the accelerator is 
suddenly depressed, because it 1s not 
until the compressor unit is up to speed 
that the car accelerates really well. 
Two of these methods will be dealt 
with in the next section but as far as 
the turbine itself is concerned the 
problem is as follows. 

The acceleration time depends on 
two factors: the excess power available 
when the maximum fuel flow is fed 
into the combustion chamber thus 
producing the maximum temperature; 
and the resistance to acceleration of 
the compressor unit which is a function 
of the moment of inertia of the com- 
pressor turbine. The discussion of 
these is rather involved but a_ brief 
outline can be given here. 

The more fuel fed into the com- 
bustion chamber the higher the 
temperature and, since the turbine 
power depends on inlet temperature, 
the more rapid the acceleration. Maxi- 
mum fuel flow is limited firstly by the 
maximum permissible temperature the 
turbine nozzle blades can withstand 
and secondly by the fact that’ an 
increase in temperature (because the 
density decreases lineally with tem- 
perature while the velocity increase is 
proportional to the square root of the 
temperature) causes a decrease in flow 
which forces the compressor finally on 
to an unstable part of its characteristic 
and causes the phenomenon known as 
surging. Owing to the very short time 


Exhaust 
Gearbox 
Brake cylinders 


Plan of 100 b.h.p. turbine unit with transmission 
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taken for acceleration the — blades 
cannot follow the temperature changes, 
so that the limitation is usually caused 
by the compressor reaching its surge 


point. Matching further from the 
surge point results in fall in 
efficiency during steady running. ‘The 


net result is that from this point of 
view there is very little that can be 
done to improve acceleration. 

As regards moments of inertia the 
following points are worthy of note. 
For a given engine power, the highest 
shaft speed for the turbine blade speed 
required to drive the compressor results 
in the smallest turbine and thus in the 


lowest moment of inertia. of the 
turbine. “The compressor, because it 
can be aluminium, is) much less 


important, but a two stage compressor 
causes a high turbine inertia because 
for the same job it will run slower than 
a single stage. For a given compressor, 
a two stage turbine, owing to. the 
reduction in required blade speed will 
result in a reduced moment of inertia. 
We must, however, weight these points 
against other considerations. 

Another design factor to consider 1s 
that the high speed bearings and the 
compressor turbine rotor will always 
be likely to have the shortest life. They 
should, therefore, be easily changed in 
servicing as is the case with the Rover 
interchangeable compressor — turbine 
unit. 

The heat exchangers, also, should be 
accessible but it may very well be that 
they will finally have a very long life 
and will only need blowing out 
occasionally with compressed air to 
remove the soot. “This is eauivalent to 
decarbonizing a petrol engine. “Pests 
have shown that any soot formation yet 


encountered easily removed with 
compressed ait This completely 
restores the heat exchanger its 


original condition. Experience has also 
shown that even under bad combustion 
conditions, and if soot is going to form, 
a very small deposit’ with an 
almost negligible effect on performance 
is rapidly formed; this initial deposit 
seems to act as a protection and only 
slow deposition occurs afterwards. 
Figs. | and 2° show a_ turbine 
designed on lines indicated for 


soot 


the 
about 100 b.h.p. with present turbine 
ethiciencies. Its power curves would 
be as shown in Fig. 3 and it would be 
geared so that the car drag curve 
during steady running matched just 
beyond peak power causing a drop of 
a few per cent on efficiency in order 
to give suitable acceleration conditions. 
At present an engine of something like 
this size is required and the air mass 
flow would be about 2 lb per sec at full 
power but as efficiencies improve the 
size could be considerably reduced. 
The specific consumption of an engine 
on these lines is shown in Fig. 4 com- 
pared with the specific consumption ot 
an engine with component efficiencies 
which should some day be obtained. 


The transmission 


Under this heading are included 


additions and modifications which are 


AUTOMOBILE 
ENGINEER 


a 
10 50 AU 
Power turbine rpm x {000 
Compressor turbine r.p.m. 1,000 
Car drag curve 
Fig. 3. Typical power curve for 100 b.h.p. 


turbine 


not striclly transmission but which are 
connected with it, or not strictly part 
of either the turbine or the car. 
Although the turbine car can perform 
quite adequately without any gear 
changing at all during normal driving, 
it is still a very debatable point as to 
whether it should have a two-speed 
gearbox or not. It certainly should 
never need more than two for a car and 
probably not more than three for a 
bus or lorry. 

Although under all) normal 
ditions one speed is satisfactory, if this 
one speed were used to cover emer- 
gency conditions also, the gearing 
would be such as to limit top speed 


con- 


() 21) 40 60 80 100 


B.h.p 


Best obtainable with present component 
efficiencies 

Attainable with component efficiencies 
approximately equal to those of aircraft 
units 


Fig. 4. Specific fuel consumption of auto- 
mobile gas turbine with heat exchanger 
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too severely. It is fairly certain that 
an emergency low will be needed and 
it is obvious that a reverse is also 
needed. If a gearbox containing an 
emergency low and reverse 1s designed, 
a small extra complication can make it 
such that the low can be automatically 
changed at a predetermined speed, say 
25m.p.h., thus making an automatic 
two-speed box that would give the car 
a somewhat improved performance. 
Actually the characteristics of a gas 
turbine are not greatly different from 
those of a piston engine and torque 
converter and it has been found by 
experience in America that for this 
case a two-speed gearbox is the most 
suitable arrangement. 

The conclusion is that a two-speed 
and reverse unit almost identical with 
that of a typical American torque 
converter car is the best solution. In 
effect the turbine replaces the piston 
engine and torque converter. The 
best gear ratio is around 2, as owing to 
its flat characteristics a small change 1s 
of very little help to a turbine, but 2 
is usually difficult with an epicylic box 
so that either 1-8 or 2-4 should be used. 
Only experience can show which is 
preferable but it is likely to be the 2-4 
figure. 

As it is convenient on mancuvring 
to swing the lever from reverse to 
ahead to get the same effect each way 
with a fixed accelerator position it is 
useful to keep the same ratio for both 
ahead and reverse. In order to do 
this easily and to get easily into reverse 
or low with the car stationary will 
require an epicyclic type of box with 
bands; therefore the general design of 
the box will not depend much on 
whether the low is only used for 
emergency or is used for low speeds 
as well. 

The next two points are those to 
do with acceleration time for the com- 
pressor unit. Many people, particularly 
in America, have been worried about 
the lack of engine braking on the gas 
turbine and it is this point which helps 
us to solve the problem of acceleration. 
The idea is to have a shaft and gears 
with friction clutch and roller clutch to 
connect the power turbine shaft to the 
compressor turbine shaft. The con- 
necting shaft has a gear ratio such that 
at about 30 m.p.h. in top gear the 
compressor unit would be running at 
35,000 r.p.m. A’ roller clutch or free 
wheel is also provided so that the 
compressor unit can always overrun 
the car drive and run up to full r.p.m. 
A friction clutch, similar to a very 
small car clutch but capable of stand-, 
ing the required r.p.m. is controlled by 
one of several methods. Perhaps the 
simplest is a centrifugal arrengement 
connected to compressor speed such 
that the friction clutch is disengaged 
above something over two-thirds full 
compressor speed. 

The operation is somewhat as 
follows, although there are various 
complications to watch regarding the 
exact timing of the various operations. 
A typical case is described since it is 
realized that this job can be arranged 
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in various ways. When the car is below 
a speed at which it would drive the 
compressor unit at its idling speed this 
ancillary equipment has no effect. If 
the car is being driven at high speed 
the roller clutch is free wheeling, 
because the compressor unit will be 
running very fast, and once again the 
equipment will have no effect. How- 
ever, if the foot is lifted off the 
accelerator under these conditions, the 
compressor unit will try to slow to 
idling but the friction clutch will 
engage when the speed has dropped 
sufficiently and the compressor speed 
will remain high owing to the driving 
effect of the momentum of the car. 
This will cause a braking effect of an 
amount governed by the force which 
is placed on the friction clutch. 
Roughly the amount of braking would, 
in practice, be made about equal to 
third gear overrun on a normal car 
since this is suitable for holding the 
compressor speed reasonably high. Not 
only does this give engine braking but 
the acceleration time is also insignifi- 
cantly short. In fact, acceleration of a 
compressor unit at the high speed end 
of its range is very rapid. It must be 
realized that the friction clutch will 
slip above a certain car speed, so that 
above this speed the torque and hence 
the car braking and compressor speed 
will be constant. 

It will be perfectly obvious that this 
system suffers from the defect of being 
quite ineffective at low speeds. ‘To 
overcome this necessitates a second 
complication. This is what has been 
termed electric acceleration, the first 
system being called regenerative brak- 
ing athough that is by no means a 
strictly correct term. 

In this system the starter is con- 
nected to the engine through a free 
wheel or roller clutch, which is prob- 
ably the best way of making a starter 
drive in any case, and controlled as 
follows. “Two compressor speed sen- 
sitive switches are arranged in series in 
the starter lead, one arranged to cut 
the starter current at some speed just 
below idling and the other to cut at a 


speed just below that at which the 
friction clutch will drive the com- 
pressor. A contact on the accelerator 
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pedal is arranged to close on full 
depression and is connected in parallel 
with the first pressure switch, 

When the engine is started, it the 
accelerator is not fully depressed, the 
starter is cut out just betore idling and 
simply slips the free wheel during 
running, but when the accelerator is 
fully depressed the starter re- 
energized and aids the compressor untl 
the higher speed is reached. Of course, 
it 1s necessary that the starter should 
be correctly geared but in practice this 
works out very well if the gearing 1s 
arranged so that peak starter power 
occurs at about idling speed. With 
this ratio, say 14:1, the first few revs ot 
a start are rather sluggish, as the ratio 
is too high, and this gives ume for the 
fuel pressure to build up, while the first 
part of the acceleration trom idling, 
which is usually the most sluggish, has 
the maximum help. 

If this” electric acceleration is 
arranged suitably it can cut the 
acceleration time of the compressor to 
a quite short enough figure for the low 
car speeds. It is unsuitable for use 
without the regenerative braking as it 
would consume too much from the 
battery if used all the time, but in con- 
junction with the regenerative braking 
it would only be used when maximum 
acceleration was required at low speeds, 
that is, when the accelerator was fully 
depressed at a car speed insufficient to 
hold the compressor unit above the 
setting of the second pressure switch. 

These arrangements may be quite 
unnecessary for acceleration as the 
engine may finally have quite adequate 
compressor acceleration without them, 
but it may be worth fitting the 
regenerative braking for braking on the 
engine and it would then be just as 
easy to use it for keeping the com- 
pressor speed up as well. Another 
aspect of this matter is that a small 
amount of fuel is saved, that 1s the 
amount required to accelerate the com- 
pressor to the speed at which it is held 
by the regenerative braking from 
idling. As for electric acceleration, 
seeing the starter equipment must be 
there in any case, very little extra is 
involved using it to 
Fig. 1 shows the change 


accelerate. 
gear 


and 


reverse arrangement described together 
with the regenerative braking mech- 
anism and starter arrangement 
suitable for use with electric accelera- 
tion. 


The car 

One of the few popular suggestions 
about the difficulties of the gas turbine 
car that turns out to have any sig- 
nificance, is that of the disposal of 
exhaust gas, although this is not quite 
a question of a jet that will blow 
people off the road. Arguments put 
forward by the writer some time ago 
were to the effect that if a gas turbine 
was made with the same specific con- 
sumption as a piston engine then its 
heat rejected would-be the same, that 
is, the turbine exhaust would have in it 
the same amount of heat and exhaust 
fumes as the exhaust of the piston 
engine plus the heat from the radiator 
cooling; and that the specific con- 
sumption should not be much less, or 
the gas turbine car would not be worth 
producing. While this is true as far as 
it goes, it fails to reach the important 
point that in the piston engine the 
radiator cooling air is blown out under 
the car and can meander out where it 
likes without creating any trouble as it 
has no fumes to leak into the car or 
annoy pedestrians. ‘The exhaust, on 
the other hand, having highly concen- 
trated fumes, must and can easily be 
blown clear of the car and being such 
a small jet is rarely caught fully by 
pedestrians. 

In the turbine these two cannot be 
separated and it is impossible to make 
a car really fume proof. Actually, if 
petrol was used as a fuel this might be 
just possible with very good combus- 
tion, but because one of the advantages 
of the gas turbine is its ability to burn 
lower grade fuels, we must make a car 
capable of using them. Also, at present, 
combustion is not always good under 
all conditions. 

For this reason the gas turbine 
exhaust contains more fumes than the 
piston engine exhaust and it has been 
found almost essential to discharge it 
upwards at the rear. It must be stressed 
that this is a fundamental point and the 
whole question of car design is based 
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on it since 
ducting necessary tor 
turbine exhaust it has not 

been found feasible to take 
the exhausts up at the rear 
with a front engine without 
too much sacrifice of weight. qt 
If we accept that upward rear ~~ 
exhausts and theretore a rear 
engine becomes necessary, 
then we have, unfortunately, 


to enter a field of argument 

which has been covered at @ 
great length in the past with- 200 
out much in the way of 


positive conclusion and which 
the author hesitates to dis- 
cuss. If possible it is, however, 
necessary to get clear ideas on 
the subject before proceeding 
further. 

Briefly, it is generally 
recognized, although — there 
may be some who will want 
to dispute this, that for a car 
to be really safe and satis- 
factory to drive, it must understeer. In 
other words, 1t must corner in such a 
way that any decrease in turning radius 
would be compensated by the car’s 
automatically trying to reduce this 
decrease and so prevent an unstable 
tendency to get out of control. It is 
necessary for this cflect to be instan- 
taneous and not to require time if an 
unpleasant effect is to be avoided. This 
means that the only way of getting 
really good steering is to have a greater 
slip angle on the front tyres than on 
the rear. This requires either more 
weight on the front tyres or lower 
pressures in the front tyres, but there 
is unfortunately a limit to the amount 
which lower pressures can correct. 
Fortunately the gas turbine is very 
light, which would be a greater help 
if it were not for the fact that cars 
should be and to a certain extent are 
becoming lighter too. If the turbine 
is put at the rear it may possibly be 
necessary to have different 
rims for the tyres front and 120) 
rear thus making the rear slip ai 
angle relatively less. It might 
be argued that some cars 
already have rear engines, but 
while these are satisfactory, 
they are noi, in fact, amongst 
the best steering cars. 

Another point to take into 


Fig. 6 


{OO 


account is the question of © 
aerodynamic stability. In a 6! 


streamline body the centre of 
pressure tends to be well for- 
ward, and if the centre of pres- 40 
sure is ahead of the neutral 

steer axis the car 1s aero- 

dynamically unstable and if 7 
swerved slightly at high speed 
will tend to swerve more and 
get out of control. The neutral 
steer axis is defined as that 
position where, if a force is 
applied to the side of a car 
the car will move squarely 
across the road without turn- 
ing about this axis. This 1s, 
of course, with the car moving 
along the road. To summarize, 


Fig. 7. 
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Jaguar XK 120—3,250 Ib 
Chevrolet (with torque converter )- 


3,840 Ib 
Rover 75—3,530 Ib 
Turbine—3,866 Ib 


Acceleration curves, calculated from Autocar Road Tests 


for stability the centre of gravity must 
be ahead of the neutral steer axis in 
order to understeer and the centre of 
pressure behind the neutral steer axis 
for aerodynamic stability. It is very 
difficult to satisfy these conditions with 
the centre of gravity to the rear of the 
centre of the car as it is likely to be with 
the rear engine, and it is for this reason 
that rear engine cars are generally 
unstable. 

However, two things can, if neces- 
sary, be done to improve this condition. 
First, from the aerodynamic point of 
view the car should be as low as possible 
at the front with a rather large area in 
profile at the rear either by merely 
having a large rear end or by a central 
fin or, as in a number of modern cars 
by bringing the rear wings upswept at 
the sides. This last is the most suitable 
as the exhausts, as will be described 
shortly, can be placed in them. As has 
been mentioned, if necessary the rear 


Jaguar XK 120—3,250 |b 
Chevrolet (with torque converter) 
—3,840 Ib 
—— Rover 75—3,530 Ib 
—— Turbine—3,866 |b 


B.h.p. calculated from acceleration curves, Fig. 6 
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tyres may be put on wider 
rims or made larger to give 
less slip angle and so prevent 
oversteer. 

If the engine is to be at the 
rear, it is necessary for a good 
mechanical layout to have 
independent rear suspension, 
which, for reasons too in- 
volved for this article, should 
be of the De Dion type. ‘l hese 
difficulties of weight distribu- 
tion may not be as bad as 
appears, since the Ordinary 
Rover 75 with the turbine 
placed in the rear is pertectly 
satisfactory. ‘This may be 
/O because the ordinary Rover 
75 is basically well designed 
and already has exceptionally 
good steering. 

Silencing, which has often 
been suggested as a difficulty, 
is not really very much of a 
problem. First, it should be 
realized that there are really 
four different components to the noise 
one hears either outside or inside a 
car. There is the inlet noise, the 
exhaust noise, the noise emanating 
from the engine casing itself, and the 
noise transmitted through the mount- 
ings to the chassis and bedy. Dealing 
with these in turn, the inlet noise is 
easily reduced to a satisfactory level by 
simply providing a sound absorption 
or Burgess type silencer. This has to 
be about 18 inches long if it has no 
splitters but a single splitter or parti- 
tion will make 9 to 12 inches quite 
adequate. It consists of a duct of 
perforated aluminium with about one 
inch of glass wool and an aluminium 
outer cover. The splitter is about one 
inch thick of similar perforated metal. 
The exhaust silencer is a very similar 
arrangement, except that as it must 
stand considerably higher tempera- 
tures, it should be made of aluminized 


mild steel with “Stillite” or other 
suitable high temperature 
y sound absorber. 


Noises emanating from the 
engine casing is a function 
solely of the accuracy of 
balance and of the mainten- 
ance of balance. An engine 
with its compressor and 
power turbine shaft assemb- 
lies in accurate balance while 


running is extremely quiet 
but it has been found that 
some designs shift while 


running, a condition which 
obviously must be corrected. 
As for transmission of noise 
through the frame and body, 
the engine must be suitably 
rubber mounted but with a 
well balanced engine, which 
is essential in any case both 
for reducing direct noise and 
because bad balance will 
cause bearings to fail and the 
vibration cause breakages, 
this is quite an easy problem. 

Fig. 5 shows a car designed 
on the lines suggested. The 
engine is as shown in Fig. 1 
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and is used in conjunction 
with a De Dion suspension. 
The intakes are in the top of = 
the boot and the exhausts are 


meant to be taken too 

seriously as the design is only‘ 

meant to give the general «<' 

idea of what is required. The & 

luggage would be under the 

bonnet. 
In Fig. 6 the figures from 10 

the Autocar Road Tests have 

been converted into “ Tapley 

Meter” readings in pounds 

per ton and are compared 

with those of a turbine car. 

These figures have been con- 

verted in Fig. 7 into b.h.p. at 

the road wheels. It can be 

clearly seen how the piston 

engine cars require three 

gears to produce their power Fig. 8. 

at the lower speeds. Fig. 8 

shows how a gas turbine car 

with good efficiencies can give as good 

a fuel consumption as a piston engined 

car provided it has a good heat 

exchanger. 


Conclusions 

It may appear that such a formidable 
list of difficulties and complicated solu- 
tions has been put forward as to 
constitute practically a proof of the 
impossibility of the gas turbine car 
ever getting into production. However, 
development up to the present by the 
Rover Company for an expenditure 
which is negligibly small compared 
with the development money spent on 
the piston engine, has gone a very long 
way to solving many of these problems; 
it has produced two cars which show 
very striking possibilities. It must also 
be remembered that many of the 
problems met in the development of 
the piston engined car looked almost 
insuperable in the early days, and if it 


MEIER, in an article in German in 

°A.T.Z., 1952, Vol. 54, No. 6, 
describes some research work carried 
out on piston slap, and suggests that 
one remedy which has proved of value 
is a slight lateral offsetting of the 
gudgeon pin from the piston centre 
without changing its vertical location. 
However, little information has hitherto 
been available on this method which 
is not well understood. 

Tests by the Mahle KG on single 
and multi-cylinder four-stroke engines 
showed that without offset gudgeon 
pins, slap occurs only when a certain 
piston play, depending on the type of 
engine, is exceeded. With a fixed 
throttle setting, slap decreases with 
increasing rotational speed, and it is 
intensified by increased throttle open- 
ing. Moreover by offsetting the gudgeon 
pin, slap may be avoided even when 


from the top of the upswept =. saspeeneers 
wings. The styling is not 


Fuel consumption curves. 
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No heat exchanger 


— — —— Heat exchanger(0.66 thermal ratio) 
— —— —— Heat exchanger (0.8 thermal ratio) 
—- — — — Typical piston engine, petrol 


fuel, top gear 


had been realized that cars of to-day’s 
standard were required many of the 
early pioneers may well have thrown 
in their hands. 

It is estimated that the turbine car 
in production is likely to be as cheap 
or cheaper than the piston engined car, 
provided full production set-ups of 
blade machining is arranged on the 
right lines with advantage taken of the 
right techniques. The important point 
is to forget quickly anything learned 
from the aircraft industry who think 
of blade costs in pounds; and starting 
from scratch, to lower considerably 
the standards required and to think of 
blade costs in pence, coupled with the 
only system which can cheap 
enough, i.e. machining the blades on 
the discs. This is. primarily because 
the manufacture of small discs and 
blades is quite a different problem, but 
also because aircraft work is almost 
invariably done regardless of cost. 


KINEMATICS OF PISTON NOISE 


the piston play is twice the nominal 
amount. ‘To investigate these pheno- 
mena, a method of studying the cross 
movements of the piston was chosen 
based on using the piston and cylinder 
as the plates of a condenser. Variation 
in clearance changes the capacity of the 
condenser, and these changes, con- 
verted into” variation in electric 
potential, can be rendered visible by 
means of an oscillograph. 
Experiments were made on a single- 
cylinder test engine, pick-ups being 
arranged at the upper and lower ends 
of the piston skirt both on the major 
and minor thrust sides, to give a 
complete picture of the cross-move- 
ments of the piston. Calculations based 
on the dimensions and weight of the 
piston and connecting rod of the test 
engine gave good agreement with the 
experimental results. The mechanism 


Apart from the blading and 
heat exchangers, the cost of 
the gas turbine is quite low, 
with any reasonable produc- 
tion set-up. The heat ex- 
changers, like the blading, 
need the development of suit- 

~~~ able techniques, but they are 

~~ fundamentally a very suitable 
 preduction job. 


~ In servicing, it will probably 
—— be necessary to make suitable 


arrangements for quickly and 
easily replacing the heat 
exchangers or compressor 
unit and for sending the old 
4 compressor unit to a central 
depot or the factory for 
reconditioning. 

Having put forward the 
difficulties that beset the 
design and development of the 
turbine car, it is perhaps only 


4 unit fair to mention the advantages 
per cent efficiency and compressor 78-75 per cent efficiency i+ Would have when and if 


developed. First, it is ex- 
tremely easy to drive, requiring no gear 
changing at all and having no jerks in 
its acceleration. Second, it will be 
quite free from vibration and noise 
and third, it should have a much longer 
life between overhauls and be much 
less sensitive to the type of fuel it 
burns. In practice, the aircraft gas 
turbine has shown itself to be much 
smoother and quieter with longer life 
and less fuel sensitivity, that is better 
in every respect. 

Finally, it must be understood that 
this article is more in the nature of a 
summary of the problems and an 
interim report on their solutions. It 
clearly contains some highly controver- 
sial matter, which cannot be finally 
sorted out until development has 
reached a more advanced stage, and the 
opinions expressed are those of the 
author and not necessarily those of 
either the Rover Company or the 
Automobile Engineer. 


of slap is explained by reference to 
results obtained with various offset 
pistons, oscillograms being given for 
the different positions. Measures to 
eliminate slap are essentially designed 
to minimize impairment of the oil film. 

Ways of combating piston slap 
include: (1) lateral offsetting of the 
gudgeon pin by three per cent of the 
piston diameter towards the major 
thrust side; (2) lengthening of the 
piston skirt; (3) ensuring that the form 
rigidity of the piston is adequate to 
withstand operational stresses. Recom- 
mendations are also given on cylinder 
rigidity, gudgeon pin seating, methods 
of minimizing piston play, and on the 
engine cooling system which should 
ensure the lowest possible temperature 
difference between the upper and lower 
end of the cylinder (M.I.R.A. Abstract 
No. 6000.) 
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Recent Releases for General Circulation 


NUMBER of research reports 
Abe recently been released for 
general circulation. Among these 
is Report No. 1951/1 The Expen- 
mental Determination of Static and 
Dynamic Stresses in a Double-Deck 
Public Service Vehicle. The report 
describes a series of tests carried out 
on a London Transport Executive 
RT3 type double-deck public service 
vehicle. ‘These tests were made to 
determine the stress distribution in 
various parts of the structure under 
conditions of both static and dynamic 
loading. Wire resistance strain gauges 
with the appropriate equipment were 
used to make strain measurements on 
the chassis frame, body vertical pillars, 
transverse floor members, rear plat- 
form supports and external body panels. 
In the static load tests, the stresses 
due to the weight of the major com- 
ponents were found by dismantling the 
vehicle in stages. In addition, the 
stresses were measured in a complete 
vehicle with a_ passenger load of 
8,200 1b. The maximum. total static 
stress measured in the frame was 
3-Ston/in®. This stress, which was 
compressive, occurred in the upper 
flange of the nearside channel member. 
Stresses in the body structure were, in 
general, considerably lower. However, 
a maximum of 4-45 ton/in® compres- 
sion was measured in a vertical pillar 
just below its abutment with one of 
the hoopsticks carrying the upper 
saloon load. 

Dynamic tests included bumping, 
cornering, and brake tests. ‘The bump- 
ing tests consisted in running over a 
2in board at 20m.p.h. with all four 
wheels, and again with the nearside 
wheels only. A maximum. stress of 
Ston/in’ compression was measured 
in the chassis trame and 4-25 ton/in° 
compression the structure, 
both stresses occurring at the same 
points as those already mentioned in 
the static tests. Further experiments 
showed that stresses due to bumping 
were approximately proportional to the 
height of the bump, but with the 2 in 
bump they did not increase with speed 
above approximately 20m.p.h. The 
stresses were of an oscillatory nature 
with a frequency of about 7-1 cycles/ 
sec. This appeared to be a_ natural 
frequency of vibration of the frame. 

‘The maximum stress in the chassis 
frame due to cornering was 6 ton/in 
tension. It occurred near the attach- 
ment of the rear stabilizer. In the body, 
an unusually high value of 7-9 ton/in“’ 
compression was measured in one of 
the transverse flitch beams, by means 
of which the body is supported on the 
chassis. Stresses due to braking were 
generally the lowest encountered, the 
maxima for the chassis frame and the 
body being 2-Ston/in® tension and 
2-2ton/in® tension. They occurred 
respectively in the upper flange of the 


side member and in the transverse 
flitch beam. 

Apart from obtaining stress 
values, the tests also served to further 
the technique of this type of investiga- 
tion, and to examine the suitability of 
the four-channel dynamic strain gauge 
recording equipment described in 
Report 1949/5. Development of this 
equipment had been based on experi- 
ence with single-channel — recording 
apparatus in tests on a large passenger 
car and a commercial vehicle. 

Report 1951/7 is entitled Further 
Experiments on Noise in Vehicles. It 
describes how detailed octave-band 
analyses were made in three saloon 
cars, in order to investigate the correla- 
tion between objective measurements 
and subjective estimates of “noisiness” 
in vehicles. Three cars, each of a 
different make, were chosen for the 
tests which were made at speeds rang- 
ing from 20 to 55m.p.h. The noise 
characteristics of the cars are discussed 
with reference to differences in_ their 
mechanical construction. 

Detailed objective octave - band 
analyses of the type outlined in the 
report are, it is suggested, capable of 
correct’ subjective interpretation, and 
define adequately the “ noisiness ” of 
vehicles. The analyses show objective 
differences in “noisiness” between 
cars, and subjective estimates are in 
general agreement. 

Report 1951/8, The Failure of Gears 
by Pitting, is a companion to Report 
1950/7, which dealt with the bending 
fatigue strength of the teeth of gears 
made from the same steels as are 
covered in the later report. It gives the 
results of an investigation into” the 
relative resistances to pitting, of gears 
made from seven typical alloy gear 
steels. These steels are: 

En 24 (1) per cent Ni-Cr-Mo oil 

hardening), both plain and leaded. 

En 30A (4, per cent Ni-Cr air 

hardening). 

En 36 (3 per cent Ni-Cr case 

hardening). 

En 39A (4) per cent Ni-Cr case 

hardening), both plain and leaded. 

En40C per cent Cr-Mo-V 

nitriding). 

Gear pairs made from these steels 
were tested in the Sin centres, power- 
circulating gear testing machine (I.A.E. 
Report 1944/9) at various loads, and 
the materials were compared on the 
basis of their S-N curves, where S is 
the surface stress criterion S«, com- 
monly used for evaluating the surface 
loading of gears, and N is the number 
of stress cycles necessary to cause 
pitting. The results confirm that pitting 
is a form of surface fatigue failure, the 
life varying inversely with the stress 
applied. However, over the range of 
life covered, that is 10°-10" cycles, the 
S-N curves gave no indication of the 
presence of a fatigue limit below which 


failure would not occur. 

Resistance to pitting appears to 
depend upon the surface hardness of 
the materials. The three case-hardened 
steels had a load carrying capacity 
about 70 per cent higher, for any given 
life, than the three through-hardened 
steels. A still greater resistance to 
pitting at all except the higher applied 
loads was evidenced by the nitrided 
steel. The use of lead in En 24, through- 
hardened steel, to improve machin- 
ability, gave no reduction in pitting 
strength, but in En 39A case-hardened 
steel, it caused a reduction of about 15 
per cent in the load carrying capacity. 

Report 1951/11 is entitled Develop- 
ment of 4 Test Procedure for Lubricat- 
ing Oils for British Road Vehicle C.I. 
Engines. At the invitation of several 
member firms, M.I.R.A. investigated 
engine test procedures, using a six- 
cylinder C.I. engine of a road vehicle 
for judging the performance of lubri- 
cating oils on a “go” or “not go” 
basis within 50 hours. The criterion 
used to distinguish between the oils is 
the extent to which the piston § rings 
stick. This is determined not only by 
inspecting the pistons at the conclusion 
of the test, but also by observing the 
variation in the blow-by during the 
course of the test. 

Two oils were used in the investiga- 
tion, and two fuels were employed, one 
with 0-2 per cent and the other with 
1-0 per cent sulphur content. For the 
purpose of the tests, samples of the oil 
were each blended with different 
detergent additives, and further 
samples were used plain. Three deter- 
gent oils commercially available in 
1948 were used in the investigation. 
With the low sulphur fuel all the 
additive oils passed the test, but both 
the plain oils failed. However, with 
the higher sulphur fuel, only two of 
the additive oils passed, and the plain 
oils again failed. 

Under the auspices of the Institute 
of Petroleum, the same oils were tested 
by the C.R.C. L-1545 (Caterpillar) 
procedure, using low sulphur fuel, in 
the laboratories of several oil com- 
panies. The same distinction between 
plain and additive oils was observed. 
Concurrently with the laboratory tests, 
two bus companies carried out exten- 
sive service tests on these oils. The 
tests, which involved short stage bus 
operation, showed little if any improve- 
ment due to the use of additive oils. 
‘Thus, neither the laboratory tests so 
far carried out by M.ILR.A. nor the 
Caterpillar L-1 test can be regarded as 
applicable to this type of service. Pos- 
sible reasons for this lack of agreement 
are considered, as well as the feasibility 
of correlation with other types of 
service. It is stated that there appears 
to be a need for further research, and 
suggestions are made as to the lines on 
which work should be carried out. 
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Part 1: 


the body was regarded only as a 
means of sheltering the passengers 
from the weather and dust; and the 
chassis was self-contained so far as 
strength was concerned. However, as 
the years have passed, it has been 
increasingly realized that a_ suitably 
designed body can take a large propor- 
tion of the loads. Indeed, very little 
reinforcement is required to make it 
capable of being completely _ self- 
sufficient in this respect. 

These discoveries have not been 
made fortuitously. They have been 
occasioned by the pressing need for 
economy in space and materials to meet 
increasing industrial competition 
throughout the world. If a chassis 
frame is to be strong enough by itself 
to carry all the loads, it must be rela- 
tively heavy. Moreover, the steel that 
goes into the body is then redundant 


[: the early days of the motor car, 
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STRUCTURAL DESIGN 
An Analytical Method for Chassisless Vehicle Design 


By T. K. Garrett, A.M.I.Mech.E., A.F.R.Ae.S. 


In the February issue of Automobile 
Engineer, a method of calculating the 
maximum loads that may be imposed 
on a motor vehicle structure was 
described. However, a knowledge of the 
loads is, by itself, only of academic 
interest. Such knowledge, to be of 
practical use, must be applied to design 
a structure capable of withstanding 
those loads. 

In this article, the loads are applied 
to a vehicle structure and their path 
through that structure is traced. By 
this means a careful check may be 
made before the prototype is built, to 
ensure that every component and every 
welded joint is capable of performing 
the duty required of it. Although 
subsequent development is still neces- 
sary, the amount of modification 
required is reduced, and difficulties 
arising from the need to alter tools are 
to a large extent obviated. The subject 
will be dealt with in two sections. This, 
the first, deals with the initial design 
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it is a chassisless body or a more con- 
ventional one. With regard to lesser 
damage, detachable wings, and spare 
assemblies, as well as spare com- 
ponents, would probably meet most 
requirements. 

Chassisless structures are much more 
complex than a simple chassis frame. 
Because of this, it is easier to make 
mistakes in the design. Another im- 
portant difference between these two 
forms of structure is that in one type, 
the components must be mounted on 
relatively thin gauge metal, which 
must be shaped or supported locally 
so as to be suff enough to carry them; 
while in the other type, the thicker 
gauge of the chassis frame, and _ its 
compact box or channel sections, make 
the attachment of such components as 
the steering box, and suspension 
bearings easier. 

It is clear, therefore, that more 


from the point of view of strength. Of 
recent years, steel has been in short 
supply, and this has further encouraged 


work and the rear end structure. 


analytical thought than has_ hitherto 
been necessary must be devoted to 
design. The loads that the structure 


the trend towards chassisless 
construction. 

Development has taken place in two stages. The first was 
the introduction of unitary construction, in which a more 
or less conventional underframe was welded to the body. 
Because of its positive attachment to the body, this frame 
could be made of sheet steel of a lighter gauge than was 
possible in a separate frame. More recently, chassisless 
construction has been introduced. In this there is no under- 
frame at all in the generally accepted sense of the term. ‘Two 
good examples of this type are the latest Austin 7 and the 
S.A.A.B. 92. 

The lighter forms of construction have other advantages 
besides economy of materials. Experience has shown fairly 
conclusively that the total cost of a vehicle varies in propor- 
tion to the weight. Thus, by reducing weight, other 
economies are automatically introduced at the same time. 
Another advantage of light construction is an improvement 
in performance, and fuel economy. 

One of the principal disadvantages of the lighter forms 
of structure is that the ratio of surface area to volume is 
large by comparison with the earlier, more solidly built 
vehicles. This increases vulnerability to corrosion. However, 
it is claimed that the improved anti-corrosive treatments, 
such as bonderizing and dipping in paint, now coming into 
use have more than offset this disadvantage. 

The idea that chassisless vehicles are not as strong or as 
suff as the more conventional ones is a fallacy. The rela- 
tively large depth of body panels used as beams ensures that 
both the strength and stiffness are greater than in the case 
of a chassis frame, provided these panels are suitably 
stiffened and supported to prevent buckling. Indeed, the 
stiffness of the chassisless vehicle is an important factor 
contributing to its good riding qualities. It has been shown, 
as for example in the case of the Austin 7, described in the 
December, 1952, issue of Automobile Engineer, that very 
little additional reinforcement to the body is needed to 
make it structurally self-sufficient. 

It is debatable as to which form of construction is the 
easier to repair. If a vehicle has been damaged to such a 
degree that a new body is required, it is likely that the frame 
will also have to be replaced. But in any case, if a new body 
is required, it would not appear to matter much whether it 


must take need to be carefully analyzed, 
and their path through the structure 
traced so that, before the vehicle is made, it may be deter- 
mined whether each component is strong enough. It is 
only in this way that it is possible in such a complex struc- 
ture as a motor body, to ensure that there is a satisfactory 
path through which the loads may travel. 


Stress analysis 

For the purpose of demonstrating how the analysis may 
be performed, the system of loads described in ‘“ Automobile 
Dynamic Loads ” in the February, 1953, issue of Automobile 
Engineer will be applied. An imaginary structure has been 
devised for the demonstration, Fig. 1. It incorporates 
features that may be found in several modern chassisless 
designs. 

The first stage in the design process-is to estimate the 
bending moments and shearing forces on the laden vehicle 
under a vertical acceleration force of 4-5 g. When the neces- 
sary calculations are completed, the appropriate diagrams are 
drawn, Fig. 2. From these, the dimensions of the body sill 
may be determined, and an approximate idea obtained of 
the proportions needed for the remainder of the structure. 

For the purpose of making the calculations, the following 
weights will be assumed: Vehicle kerb weight, 1350 1b; 
unsprung, 200 1b; engine and gearbox, 2501b; passengers, 
200 Ib each. Luggage carried aft of the wheels would relieve 
the bending moments between them; therefore the diagram 
will be plotted first for the case with no luggage, and then 
for the design of the rear end only, with 112 lb of luggage 
in the boot. The centre of gravity of the engine is estimated 
to be directly over the axis of the front wheels, while the 
centre of gravity of a man in a sitting position is located 
approximately on the front wall of his stomach at waist level. 
The sprung weight, minus that of the engine, passengers 
and luggage, is assumed to be uniformly distributed over the 
130 in length of the vehicle. 

Thus, the uniformly distributed load, or UDL: 

4-5 (1350 250) 
130 


31-2 Ib/in. 
The reaction R,, at the front engine mounting is obtained 


tiie 
| 
; 
¢ 
5 
: 
/ 


AUTOMOBILE MarcH 1953 
ENGINEER 


Fig. 1. The vehicle structure 
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Fig. 2a. Load diagram 
b. Shear force diagram 
c. Bending moment diagram 


The dotted curves at the rear (left-hand side) are shears and bending moments with the boot loaded 
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by taking moments about the rear mounting : 
R =45(7 x 
F 


737 Ib 
and the reaction at the rear: 

4-5(250 

387 lb. 

Taking moments about the rear wheels for the front 

wheel reaction, we have: 

(31-2 x 130 x 35) + (1800 = 5) + (1800 x 35) + (737 + 387) 
3904 Ib. 

It will be noticed that a certain amount 
of arithmetical work has been saved 
by the fact that the engine happens to 
be directly over the front wheels. 

The rear wheel reaction is: 
[(31-2 x 130) + (2 x 1800) + 1124] 

4880 lb. 
This figure should be 
taking moments about 
wheels. 

From the above data, the load 
diagram is completed, Fig. 2a. Next, 
the shear forces are computed and the 
diagram drawn, Fig. 2b. Then the cal- 
culations for the bending moment 
diagram, Fig. 2c, are made. These are aA 
best done in two parts, that is to say, 
by working first from one end towards 
the centre and then from the other to 


164) 


3904|b 


checked by 
the front 
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0-59 tons/in®. This is obviously well below the shear strength 
of the material. 

In order to check the bending strength of the sill, it is 
necessary to calculate its moment of inertia. A very con- 
venient way of doing this for complicated sections is given 
in the table at the foot of this page. 

The first column refers to those portions of the section 
labelled in Fig. 3; their sizes, which are given in column 2, 
are used for calculating both the area and the local I, bd*/12, 
given in columns 3 and 8 respectively. It will be noticed 
that figures for two of the items have been omitted because 
inspection of Fig. 3 shows that the 
moment of inertia I about their neutral 
axis will be a negligible quantity rela- 
tive to the total. The symbol “y” 
refers to the distance, in inches, of the 
centre of area of the item under con- 
sideration from the arbitrary origin. 
This origin may be any line parallel 
to the neutral axis about which the 
bending moments are applied. The 
amount of work necessary to complete 
the calculations may, of course, be 
reduced to a minimum by a suitable 
choice of position for the origin. Hav- 
ing completed all the columns and 
summed the last three and the area 
column, the calculations are continued 
as follows: 

Let §, the distance from the neutral 
axis to the lowest extreme fibre, then 


the centre. This makes the calculations 5 Ay 1-252 eT as 
less tedious. It need hardly be added Ons eee 
that if either the bending moment or 8 7 distance from the neutral axis to the 
the shear force diagram does not close, P uf uppermost extreme fibre 5—2-44 
there is an error in the calculations. 2:56 in. 
In general, errors of up to 2 per cent Then, by the theorem of parallel 
are regarded as acceptable, because Origin axes : 
manufacturing tolerances, etc., will ~ I Ay? : local I—A¥? 
result in variations in the strength of Fig. 3. Sill section 3-896 | 0:502—0:513 x 2-44? 
components of at least as much as this. 1-348 in* 
Moreover, the loads are not accurate within such close limits. ‘ 1:348 
and -5¢ 
Bending moments 0-525 in*® 
A. 31:2X10?x0°5 1560 1-348 
B. 31-2%30*X05 14050 while Zp 2-44 
C. 31:2 35*K0-5—4880 x5 — 5300 0-552 
= kh aga 35 + 1800 x 30 rhe where Zy and Zp are the two moduli of section, 
F. 31-2% 232K 0-5 16350 The bending moment sill is: 
E. 31-2%442X0-5 | 737 32—3904 X21 28200 lb-in, so that the highest stress 
D. 737 53—3904 42 
387 X21 —50980 31300 
—51100 20-525 2240 
20:7 ton 
Total error 120 This is on the assumption that the sill takes all the 
Percentage error 0-235 bending loads. In cars such as this, in which there is a 


The sill 

From Figs. 1 and 2, it can be seen that the maximum 
shear for which the sill must be designed is about 1,900 Ib/ 
vehicle or 950 Ib/side, while the maximum bending moment 
in this component is 51,100 lb-in/vehicle. A sill section 5 in 
deep is proposed, Fig. 3. Since the sill has two side walls, 
the shear distribution is 475 lb/in, which, when divided by 
the gauge of the metal (0-036) and 2240 gives a stress of 


Item Size Area y 
1 0-036 5-0 0-180 2°5 
2 0.036 0-018 4°75 
3 0-036 2:0 0-072 44 
4 0-036 0-5 0-018 40 
5 0:026 «0-5 0-018 3:75 
6 0-036 3-25 0-117 1-875 
7 0-036 2:0 0-072 0-5 
8 0-036 0-5 0-018 0:25 


2A =0°513 


propeller shaft tunnel adequately supported at the dash and 
heelboard, the tunnel will usually relieve the body sills of 
some of the bending moments due to the weight of the 
passengers. Moreover, in saloon cars, the roof will also 
help. However, it is probably a good thing to make the sill 
self-sufficient so far as bending is concerned. Then a con- 
vertible version may be made from the same tools. 

Steel sheet generally used in bodywork has a yield stress 
of about 16ton/in® and an_ ultimate of 20 ton/in®. 


y” Ay Ay? Local I 
6°25 04500 1:1250 0-374 
22°5 0-0855 04050 0-0004 

19-36 0-3170 13950 

16-00 0-0720 0-2880 0-0004 
14:05 00675 0:2530 

3°52 02190 0-4120 0-103 
0-25 00360 0-O180 0-024 
0-0625 00045 0-0001 0-0004 


3896 0-502 


105 
fa 


Nevertheless, for 

A the purpose of 

this article it will 

be assumed that 

the stress, calcu- 

lated to be 20-7 

ton/in*, will be 

satisfactory 

because of the 

relieving factors 

just mentioned. 

However, should 

B it be required at a 

later date to 

make a_ conver- 

Fig. 4. The flanges A and B of the vertical [ble version, it 

beam section are fully stabilized by the top = must be borne in 

and bottom panels mind that it may 

be necessary to 

increase the thickness at least of the inner plate, and possibly 

of the whole sill section, to 18 s.w.g. An increase to 18 s.w.g. 
would increase the strength by approximately 0-048 /0-036 

1-33, and the stress would be decreased to 15-5 ton/in®. 

A study of the structure, Fig. 1, will show that to the rear 
of the sill, the bending loads are taken by the outer quarter 
panel, and by an inner quarter panel attached to the sill inner 
plate and rear pillar. This inner panel extends over the rear 
wheelarch to which it is spot welded, and its upper edge is 
stabilized beneath the rear quarter light by its attachment 
to the outer panel as well as by its shape, while to the rear 
it is stabilized by its attachments to the side of the parcel 
shelf and to the drip channel in the boot opening. In view 
of the unstable condition of the lower edge of the outer 
quarter panel, it will be assumed that all the load is taken 
by the inner one. 

The slenderest section of the inner quarter panel is 
immediately behind the foot of the rear pillar. At this point, 


(q) 


The true stress distribution diagram when the extreme 
fibre stresses exceed the yield stress in a beam under a 
bending load 

b. The stress distribution assumed for 
based on the commonly used theory 


Fig. 6a. 


stress calculations 


the secuon AA 1s Sin deep, and the bending moment/ 
vehicle is 33,000 lb-in. This bending moment will induce 


tensile and compressive end loads of approximately 
33000 

oer" 3300 Ib/side, and if the stress is to be limited to 
12 ton/in*, the area of metal required to take that compres- 


3300 


sive end load is 12 « 2240 0-123 in’, which may be provided 


by 3-4in of 20s.w.g. steel. The figure of 12 ton/in* has been 
found by experience to be the maximum safe compressive 
load in mild steel structure fabricated from thin sheet. 
Stresses in excess of this are liable to cause buckling. More- 
over, stresses appreciably lower than 12 ton/in’ may cause 
buckling failure unless the metal is fully stabilized in two 
planes, as in Fig. 4. In the illustration, the vertical beam 
secuon AB is spot welded between two large flat sheets of 
metal so that under compressive end loads at either A or B 
buckling of the flanges cannot occur in either the vertical or 
the horizontal plane until the stress exceeds a value of 
approximately 12 ton/in°. 

Experience has further shown that a thin sheet of metal 
is stable, that is to say, it will not buckle or form waves for 
a distance of 16t from its point of stabilization, where “t” 
is the thickness of the metal. For example, the effective width 
of metal at A, Fig. 4, capable of carrying 12 ton/in* is 16 t to 
the left of the spot weld represented by an X, and 16t to the 
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right of it, plus 16t of the flange of the beam (assuming the 
flange is large enough), plus 16t of the web immediately 
below the flange. Stabilization of the web at this point, of 
course, is effected by the right-angle bend of the flange. In 
20 s.w.g., 16t is 0-575 in, the total area capable of carrying 
this load at A or B is therefore: 

0-575 x 4 x 0-036 — 0-0827 in?. 

It can be seen that the section at the junction of the 
inner quarter panel with the heelboard on section AA is 
similar to A in Fig. 5, so that if there were only a single 
thickness between A and B, there would be 4 x 0-575 — 2-3 in 
of 20s.w.g. available to take the load. This deficiency may 
be remedied easily by extending the sill inner panel upwards 
and the inner quarter panel downwards so that they 
everlap as in the illustration, thereby doubling the strength 
of the web portion. At the rear, one of the two panels may 
be flanged inwards and the other outwards, so that both may 
be spot welded to the heelboard. The sill outer panel will 
have to be assembled after this operation. 

A word of warning is necessary. This approximate method 
of determining 
stresses by estim- 
ating them from 
the end load and ry B 
area of metal 
capable of taking 
the load is only 
reasonably 
accurate when the 


section is sym- 
metrical. If the : 
neutrel axis is Fig. 5. Section AA, Fig. 1 


displaced an 

appreciable amount from the centre of the section, the stress 
can be much larger in one boom than in the other. In such 
cases, the tabular method, as used for determining the 
modulus of section of the sill, must be employed. The 
section AB in Fig. 5 is nearly symmetrical because the rear 
pillar cannot be assumed to be fully effective as it is more 
than 16t in depth. 

Sometimes, checking the area of metal required to take 
the end load will show the section to be slightly under 
strength. Then the more laborious tabular method may 
be used, allowance being made for any parts of the section 
that are unstable. As calculated from this moment of inertia, 
the stresses are slightly lower than those obtained by the 
approximate method used for the quarter panel section. In 
addition, by applying a suitable form factor, a beam can be 
shown to be capable of carrying heavier loads than would 
appear possible from the simple engineers’ bending theory, 
in which the stress is given by M/Z. The theory of form 
factors is described in Scientific and Technical Memoranda 
No. 5/45, of the Ministry of Aircraft Production, entitled 
Elements of Stress Analysts. 

A form factor is the ratio of the load that a beam will 
carry to the ultimate load as calculated from the M/Z 


Fig. 7. Junction between the sill and rear quarter 
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formula. This formula is based on the assumption that the 
stress distribution over the depth of a beam is as in Fig. 6b; 
this assumption holds good provided the stress in the 
extreme fibres is lower than the elastic limit. However, when 
these extreme fibres are subjected to higher stresses they 
yield, and extra load is taken by fibres nearer the neutral 
axis, so that the stress distribution is then as in Fig. 6a. 

Another condition under which the simple bending 
theory does not hold good is where the length of 
the beam is small relative to its depth. This is because the 
stress distribution is much more complex than that on which 
the bending theory is based. It has been found by experience 
that for a cantilever whose length to depth ratio is 1:2, and 
for a simply supported beam where the ratio is 1:1, the 
strength is 1} times that indicated by calculation. 

An often overlooked and most important feature of the 
design of motor vehicles is the provision of an adequate 

structural path 
J for the transfer 
of loads from one 
component to an- 
other. There must 
be a continuous 
structure for the 
transfer of both 
the shear and 
bending moments 
between the sill 
and the front and 
Fig. 9. A method of obviating the need for year end of the 
a kink strut vehicle. In the 
case of the rear 
end, the sill outer panel is joggled under the rear quarter 
outer panel and there is a vertical soldered joint, CD Fig. 7, 
below the point where the radius at the lower rear corner 
of the door opening joins the horizontal upper surface of 
the sill. At the extreme rear end, the sill is closed by 
flanging outwards its outer panel and spot welding it to 
the heelboard, at EF. 

The depth of the section is five inches and the bending 
moment 16500 lb-in/side, so that the end load to be trans- 
ferred from the top and bottom of the section to the inner 
quarter panel is 16500/5 3300 Ib per flange. The following 
are some test results, giving the shear strength per spot of 
well executed 


= 40000 
5 spot welds join- 
ing two thick- 
7, 30000 nesses of sheet 
> metal : 
“a ™ 10 3900 Ib 
a 12 3100 Ib 
ie 14 2500 Ib 
16 2000 Ib 
Las | 17 1700 Ib 
Se 18 1500 Ib 
Values of R 20 1100 Ib 
Fig. 11. Crippling stress for a tubular steel 22 800 Ib 


Because of the 
possibility of in- 
consistencies in spot welding, it is advisable to apply to the 
above results a factor of safety of at least four. Some 
authorities consider that a further reduction of about 60 per 
cent should be applied when estimating the strength of 
welded joints. It follows that less than four spot welds 
should never be relied on to carry even a light load, because 
the employment of a factor of safety of four could be taken 
to imply that three out of every four spot welds are com- 
pletely ineffective. 

It can be seen that, with 20s.w.g. panels, at least twelve 
and possibly twenty spots are needed to transfer the 3300 lb 
end ioads from the sill to the inner quarter panel. These spot 
welds will have to be in rows of twelve or more, one row 
adjacent to the door pillar, and another at the heel board. 
Similar rows will be required at the top and bottom 
horizontal flanges of the sill. The load at the rear edge will 
pass from the sill inner panel into the heelboard, and thence 
into the inner quarter panel, while that at the front will go 
into the rear pillar section. About half the load will be 


strut with pinned ends 
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transferred 
directly from the ie 
sill outer panel to” | = 

the inner quarter 
at the top and 
bottom horizonta! 
spot welded 
flanges of the sill .o 
at AB and GD. Ks 

The junction of | Fig. 8. Kink loads, indicated by dotted 
the sill with the arrows, are induced at a junction between 
other portions of two straight beams 
the structure at 
the front and rear ends is a position where application of 
the correct structural principle is important, but is often 
ignored, with unfortunate results. It is the principle that 
must be applied to any beam shaped similarly to that in 
Fig. 8. When loaded with the couples “ M,” compressive 
end loads are induced in the top fibres of the beam, and 
tensile loads in the lower ones. Thus, the flanges at the bend 
tend to be forced, as indicated by the dotted arrows, towards 
the neutral axis of the beam. This tendency must be 
reacted by means of a component, usually termed a kink 
strut, otherwise the sheet metal of the web will alternately 
buckle and straighten as the load varies, and fatigue cracks 
will result. A kink strut should, of course, support the 
flanges as well as the web to which it is welded. The load 
in the strut will be the end load in the flanges at the kink 
multiplied by (eos 7 + cos 

An alternative is the method employed in Fig. 9, where 
two channel sections are welded together back to back. In 
this case, the end loads are transferred in shear from the 
flanges of one into the web of the other. If the end load at 
A and C is P, and the lengths AB and CD are each L, then 
the shear to be transferred is P/IL.lb/in. Thus at any 
distance x from A or C, the end load in the flange is reduced 


to P CG, y, so that the end loads are zero at B, D and 


C. For this reason, the flanges may be tapered down on the 
top channel towards B and D, and on the bottom one towards 
C and D. The safe load, that is the test load reduced by a 
factor of four, is about 1000 1b/in for gas welded sheets of 
20 s.w.g. mild steel. If spot welds are employed, they must 
be pitched closely enough io take off the requisite load per 
inch. 

The incorporation of a kink strut at the junction between 
the sill and the rear quarter panel is rendered difficult by 
the relatively large fillet radius at the lower rear corner of 
the door. This same radius also makes it difficult from the 
practical point of view to complete the structure in the 
manner indicated in Fig. 9. 

To meet structural requirements, a satisfactory arrange- 
ment might possibly be made by pressing the rear end of 
the sill so that its upper face fits around the radius and then 
extends horizontally between H and J, Fig. 7. Then the 
radius could be supported by a kink strut of top hat section 
between B= and 
the lower corner 
FG. However, 
this would entail 5 ( 7 
a certain amount 
of waste metal in | Ls 
cutting the blank y 
for the sill outer ~~ 
panel. 

In these circum- ! 


stances, it might 
be better to main- - 
tain a straight sill 2 Lal P/ 
section and weld iF 

in a top hat 
vertically below Equivalent normal 
B, Fig. 7, to com- ) , 
plete the struc- () 04 06 08 
ture as in Fig. 9. a=? 

The flanges’ of 

the top hat sec- Fig. 10. Curve for determining the equiva- 
tion should be lent L/K of a strut with varying end load 
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spot welded to the sill inner plate and the section should be 
so positioned that the upper surface of the sill outer panel 
rests on its upper end. This is far from ideal, since it leaves 
an unsupported portion of flat plate between the upper face 
of the sill outer panel and J, Fig. 7. Hgwever, subsequent 
testing of the prototype will show whether or not further 
steps are needed to strengthen it. 

At its upper end, the kink strut must be capable of 
supporting the 33001b compression load, which must be 
transferred to the sill inner panel in shear by at least 12 spot 
welds. ‘The strength of a strut such as this, in which the 
end load varies along its length, is found as follows. First 
its equivalent L/K ratio is found where L length and 
K radius of gyration. This equivalent is obtained by 
muluplying the L./K, calculated in the usual manner, by 
7/2 a. The value of « may be determined from the 
curve Fig. 10, and K 1s either obtained from an engineers’ 
reference book giving K for the more common sections o1 
it is calculated from the expression K~ , I/A, where I is 
the moment of inertia and A is the cross-sectional area. 
Next, the crippling stress may be estimated from strut curves 
such as Fig. 11. Where I./K is more than 100, the Euler 
crippling load should be calculated. It will be realized, of 
course, that over a long period of time a series of strut 
curves and other design data sheets may be drawn up and 
verified by tests. These curves will save a great deal of 
time. 

The front end of the sill must be designed in a similar 
manner to the rear end. However, the task*is much easier, 
because the minimum depth of section, BB on the dash side, 
is 8 in, so that the stresses are considerably less severe. There 
will not be space in this article to do the calculations for 
every part of the vehicle, so attention will now be given to 
the main structure around the front and rear suspension. 


Rear end structure 
The design !oads for the rear as well as the front of the 
vehicle will be given by the design cases described in 
“ Automobile Dynamic Loads,” published in the February, 
1953, issue of Automobile Engineer. Case 3, hitting a bump 
while accelerating, and Case 4, hitting a bump while corner- 
ing, are likely to be critical for the rear end, Fig. 12. The 
symbols used in the formula may be evaluated as follows: 
4850 F 43 in 
R 
78 deg 
610 Ib 24 deg 
48 deg 0-208 
0-743 0-407 
2060 Ib 0-445 
27 in —():207 
77 in 1-0 
In Case 3 the loads are : 


Vertical 3RU—,, 


2060 27 
2x77 


2940 Ib, 


Fig. 13. Bracket for the front eye of the rear spring. The scrap 
view is of the bracket assembly viewed from the rear 


tan #—0:75W 
45610 2060 
495 lb 
Lateral 0. 
In Case 4 the loads are : 


15[R(3 cos 3R tan 


27 
4 
1 5[610(3 2x43) 2x77 
(2060 x 0:208—3 x 6100-734) | 


3410 Ib 
6100-743 
2040 Ib 

sin ¢ 

1-5 2060 X —0-207 
0-407 

1570 Ib. 

‘The rear springs are each supported by two brackets, one 
on the heelboard and the other on a cross member formed 
by a step down in the boot floor. It will be assumed that the 
axle is positioned 
midway between 
the two eyes on 
each spring so 
that’ the vertical 
and side loads are 
shared equally by 
each end. Fore 
and aft loads can 
only be taken by 
the front attach- 
ment because the 
rear spring 
shackle not 
capable of taking any. However, allowance must be made 
for the angle of the spring shackle at full bump, since this 
will have an effect on the fore and aft loads reacted at the 
front end of the spring. 

Some of the vertical load will, of course, be reacted by the 
bump stops and shock absorbers, and further research may 
show that it is unnecessary to cater for the full load on the 
brackets carrying the spring eyes. However, it is considered 
advisable at present to design these brackets on the assump- 
tion that there is no such relief. The bump stops then should 
be made capable of carrying the full load less the spring rate 
multiplied by the deflection to full bump. The shock 
absorber loads are an entirely separate problem, and the 
manufacturers would, no doubt, be able to supply figures for 
the maximum loads that can be experienced. 

It can be seen from Fig. 12 that the most severe loads are 
given by Case 4. Care is needed when deciding which case 
is the worst, because the direction of the resultant force is 
sometimes more important than its magnitude. For instance, 
were the resultant of the loads in the longitudinal vertical 
plane to be directed downwards, they would be much more 
critical because of the danger of the pins bursting out of 
their lugs: with the loads directed upwards they are 
supported by much more metal. 

Each front spring eye bracket, Fig. 13, consists of two top 
hat sections, one with its flanges spot welded under the floor, 
parallel to the longitudinal axis of the vehicle, and the other 
with its base spot welded to the heelboard. The lower end 
of the bracket on the heelboard is extended into the rear 
end of the other one. The two brackets are spot welded 
together where they overlap. 

At full bump, the rear spring shackle is at an angle of 
27 deg from the vertical, so that the rearward directed 
component is: 


Rearward 


Vertical 


Rearward 


Lateral 


lb 


2040 Ib 
Case 4 


495\b 
Case 3 


Fig. 12. Loads on the pin supporting the 
front end of the rear spring 


3410 1 
2 tan(90 — 27) 

870 lb. 
This must be added to the drag load of 20401b, making a 
total of 29101b. The total horizontal load must be trans- 
ferred to the body floor through 2910/275—11 spot welds. 
In fact, because of the unreliability of welds and the like- 
lihood of shock loading and severe fatigue at this point, it 
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would probably 
be safer to double 
this number. It is 
in making deci- 
sions On matters 
such as this that 
something more 
than mathematical 
ability is called 
for. 

The load is a 
tensile one so far 
as the bracket is concerned, and to limit the stress to 
l6ton/in® the sectional length of 18s.w.g. sheet metal 
needed is: 


Neutral 
OXIS 


Fig. 14. Section through the upper portion 
of the rear spring bracket on the heelboard 


2910 

16 x 2240 = 0-048 

1-64 in. 
A top hat section 1-75 in wide x lin deep with in flanges 
will be ample as it gives 2 cross sectional length of about 5 in. 
These dimensions are determined by the space requirement 
of the spring eye rather than by strength considerations. 
Where there is a possibility of the loads being reversed, it 
is advisable to check the compression strength. In this case, 
the applied stress is (1-64/5-0) x 16— 5-25 ton/in*. The top 
hat section is obviously strong enough in compression to 
take this !oad. 

Owing to the side load of 1570 lb, bending stresses will be 
superimposed. The load is distributed equally between 
the front and rear spring eyes, so that 785 lb is taken by the 
bracket under consideration. Initially, it is carried by the 
two lugs in bending to AB, Fig. 13, the horizontal base of 
the lower top hat section, and to the equivalent part, BC of 
the upper top hat section. The lugs are almost impossible 
to stress accurately, because membrane tension acts as a 
relief on the bending forces. However, a rough check can 
be made as follows. 

When two lugs of a fork joint or a channel take side load 
it is usual to assume that 2/3 of the load is taken on each, 
so the load per lug is 5241b. The length ABC is 3 in and 
the depth is 2 x 0-048 — 0-096 in, thus: 

_,3 x 0-096" 
6 6 
0-046 in’. 
With a mean moment arm of 2 in, 
524 x2 
Z 0-046 2240 
10-2 ton/in’. 
Some of this load will be carried by the underfloor bracket, 
but most will be taken on the bracket to the heelboard. The 
heelboard bracket is probably adequate by itself to cope with 
all the load, and if no undue weight penalty be imposed by 
making it strong enough to do so, this arrangement will be 
regarded as satisfactory. 

The section is as shown in Fig. 14 and, because of its 
symmetry, the neutral axis may be determined by inspection. 
An approximate value for the moment of inertia is: 

3 3 
2. Ad? ~2X0-048 X0-625 x 1-188? 0-845 
3. Ad? =2x0-048X 10-875? 0-735 


Total 1:6 in‘ 
1-07 in®. 
‘The maximum bending moment ts at the junction of the 
bracket with the heelboard, and it is 1570 «2 lb-in, so that 
the stress is: 

1570 x 2 
1-07 « 2240 
This must be added to the stress due to the vertical loads. 
The vertical load is reacted by the spot welds joining the 
heelboard and the top hat section. Because of the slope of 
20 deg of the heelboard, this reaction is 3410/2 cos 20 deg 
1815 lb, and the number of spot welds required is1815/275 
7. Here again, it will be advisable to double this number. 
Moreover, at the bottom, where the fairly heavy and con- 
centrated shear due to side load must be reacted, about } in 


1-3 ton/in’. 


of gas weld will 
be necessary on 
each side of the 
bracket to join it 
to the toe board 
so as to assist the 
spot welds at this 
point. Next, the 
top hat section 
must be checked 
for compression 
strength as a strut 
with varying end 
load. Since the 
section is similar 
to that of the 
horizontal portion 
of the bracket, 
the stress will 
be approximately 
1815 5.25 
2910 

3.27 ton/in®. It will be noticed that the slope of the heel- 
board bracket introduces a horizontal component which will 
be reacted by the underfloor bracket. However, this is a small 
component that is in any case a relief on the rearward drag 
load. Moreover, the bracket is relatively lightly stressed, so 
this component was not taken into consideration when 
checking the underfloor bracket. 

Next, the pin and the holes in which it is carried in the 
lug must be checked. It is a generally accepted rule when 
checking pins for strength in shear that if the width between 
the planes of shear, divided by the pin diameter, is less than 


Fig. 15. Design curve for crushing and 


bursting stresses 


2, then the formula to be employed 1s f If, on the 


1-75A° 
cther hand, the width divided by diameter is greater than 2, 


the formula is f 2A? where f is the shear stress, P is the 


shear load and A is the cross sectional area of the pin. In 
3010? 
this case, P ) 20402 2540 Ib. 


Assuming that the shear stress in the pin is to be limited to 
10 ton/in*, the diameter of the pin must be given by 
/ 
10 x 2240 xz «2 
This is obviously too small a diameter for a shackle pin, 
so bending of the pin must be the criterion. Rubber bushes 
ere to be employed so that it probably will not be far from 
correct to assume a uniform distribution of loading over the 
1} in length of the pin between its bearing lugs. ‘The bending 
moment M its given by 
Wi 
8 
and the stress by: 


2540 554 Ib-in 


554 
Z 0-024 = 2240 
where the figure 0-024 is the modulus of section Z of a 3 in 
diameter pin. Although this is a fairly low stress, it will leave 
a safety margin to allow for errors due to the assumption 
of a uniform distribution of load. 

The holes for the pin in the lugs must next be checked. 
There are two possible causes of failure: one is crushing 
and the other is bursting. That is to say, cither the material 
around the hole may crush, or the pin may burst out of the 
hole. Each pin is supported by two lugs, both of which are 
made up from two thicknesses of 18 s.w.g. (0-048 in) sheet 
steel. 


10-3 ton/in’, 


2540 
x2 «0-048 0-625 2240 
9.4 ton/in’. 
There is } in of metal around the hole so that the bursting 
stress is given by: 


Crushing stress, 


P 
1:75(R 
2540 
1-75 «0-5 x 2 x 0-048 2240 
13-5 ton/in@ 
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the bursting load A B upper flange immediately below the 
the radius of the outer peri- f 4 seat pan, and its lower one above the 
phery of the lug i | | tunnel. This channel should extend 
r —the radius of the hole R ee | _R the full width of the heelboard, and 
t — the thickness of the lug. v| (" could be hidden by the seat uphol- 
Permissible crushing and _ bursting stery. Its function would be to relieve 
stresses are interdependent, and figures v 4 ’ f A * the flanges CD and EF of all the 
such as the following for T4 tube may bending load. The other method, 
be obtained from tests. Maximum safe a) P although somewhat more complex, 
bursting strength is 16ton/in* and it —_ would result in a lighter structure. It 
is Obtained when the crushing stress is pe is to carry the end loads from the 
27 ton/in® or less, while the maximum ee lower flange where it crosses each 
safe crushing stress is 40 ton/in*, and a suspension bracket by means of a 
it is obtained when the bursting stress i ; channel or angle section spot welded 
is 11 ton/in’ or less. From this data a (b) to the heelboard and passing over the 
curve may be drawn, Fig. 15, the points cut-out. The path this member must 
A and B representing respectively the take is shown chain dotted in Fig. 16a. 
first and second pairs of values just oa If the top of the propeller shaft tunnel 
quoted. Then the actual crushing and were flattened and, together with the 
bursting stresses are plotted at point C. flange of the heelboard to which it is 
In order to demonstrate the use of attached, spot welded to the member, 
the curves, the figures 9-4 ton/in* and "i it would afford considerable reinforce- 
13-Ston/in’ are plotted on the T4 ment at the weak section. 
curve, although this, of course, would (C) This method of carrying the loads 


not be the material used in this parti- 
cular case. A line is then drawn through 
the origin and point C, and extended b 
until it cuts the curve at D. If point D 

lies between A and B, its co-ordinates 

represent the permissible crushing and C. 
bursting stresses. In this example, it is 

on the horizontal part of the curve, thus 

indicating that bursting is critical and 

that the maximum permissible bursting stress 1s 16 ton/in°. 
Another check must be made on the bearing stress in any 
special bushes employed. The allowable stresses may be 
obtained from the suppliers of the bushes or of the material 
from which they are made. Alternatively, it may be deter- 
mined from mechanical tests. 

The final check on the front anchorage point of the rear 
spring is to ensure that the heelboard is strong enough to 
carry the bending loads. An unfortunate feature of this 
component ts the cut-out for the propeller shaft tunnel. The 
system of loads is depicted in Fig. 16a, in which it can be 
seen that the applied vertical loads P are balanced by the 
reacuons R at the quarter panel. The type of bending 
moment diagram for Case 4 is given in Fig. 16b, and that 
for Case 3 in Fig. l6c. Section GH is obviously critical so 
far as bending is concerned, and Case 3 will be the design 
case. The loads P will be 2940 1b and the reactions R must 
be equal and opposite. Since the distance between P and R 
is in each case Sin, the maximum bending moment is 
5 2940/2 7350 |b-in. 

For the purpose of designing the heelboard, it will be 
assumed that no relief is offered by the weight of the 
passengers in the rear seat, because equally severe loads 
could probably be experienced with an overloaded luggage 
boot and the rear seats empty. The bending moments will 
induce a tensile load in the top flange and a compressive 
load in the bottom flange of the heelboard. However, the 
rap for the propeller shaft tunnel makes it impossible to 

maintain the con- 

tinuity of the 

; bottom flange. As 

+ a result, the com- 

pressive end load 

must be by- 

passed over the 
top of the gap. 

There are two 
ways of doing 
this. One 1s to 
spot weld hori- 
\ zontally on to the 
\ front face of the 

heelboard, a rein- 
= forcing channel 
section of depth 
GH with its 


Fig. 16a 


the load 
brackets 


\ 3in 


Fig. 17. Section GH, Fig. 16a 


Diagrammatic illustration of the 
heelboard arrangement 

Bending moment diagram when 
the load is applied to the bracket 
on one side only 

Bending moment diagram when 


was stated to be more complex than 
the first because of the need for a gas 
welded attachment at each lower end 
of the member, and for two kink struts 
at the top where the sloping portion 
on each side joins the horizontal part 
over the tunnel. It might be simplified 
to some extent either by pressing the 
member and kink struts in one piece 
or by using swages in the heelboard for kink struts. Neither 
inethod is very satisfactory inasmuch as neither provides 
support for the lower flanges. Moreover, there is always a 
chance of fatigue failure originating at the ends of swages. 
However, in this case, support for the flanges might be 
obtained by welding the corners to the tunnel. Incidentally, 
the term swage is applied to a channel section pressed into 
a sheet of metal. Such a device is commonly used in press 
work, particularly in large flat sheets with little or no 
curvature, to take up loose metal which might otherwise give 
rise to drumming. 

Although the overall depth of the section GH is 3 in, Fig. 
17, its depth between the neutral axes of the flanges is only 
2} in, and the bending moment is 7350 Ib-in. This moment 
would induce in the flanges an end load of approximately 
7352/2} 2680 lb. Assuming that the compressive stress 
must be limited to 12 ton/in*, the area of metal needed to 
carry this load is 0-1 in®. Therefore 2-8 in of 20 s.w.g. metal 
will be required in the top flange. This requirement is in 
fact covered by the following 16t widths of metal: the 
turned-up flange of the seat pan, one on each side of the 
spot welded joint between the seat pan and the heelboard, 


is applied to both 


the flange of the heelboard, and the portion of the heelboard 
stabilized by its flange. The total is 5 x 0-575 = 2-88 in. 

On the tension flange the allowable stress is 16 ton/in?, 
and the width of 20s.w.g. sheet needed is (12/16) x 2-88 
2-16 in, which may be provided by four 16t widths of sheet. 
This area of metal requirement is also met even without 
taking the long tension member into consideration. The four 
widths are as 
follows: two on 
the propeller [ ] 
shaft tunnel, one 
on the heelboard \ 
flange spot welded 
to the tunnel, one | 
on that part of 
the heelboard J 
which stabil- | 
ized by the flange. { 
Incidentally, it is 
wisest to design 
for a reversal of 
load, so that the 
tension member 
also should’ be 


Fig. 18. Shear distribution on a beam 


wf / 
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checked as a strut by estim- 
ating its L/K _ ratio and 
crippling stress. 

In Case 3, the shear on 
section GH is zero. In Case 
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Next the shackle 
attachment bracket and 
cross member must be 
\ checked. Shortage of space 
prohibits a full description 


4, with moments taken about : \ of this process, but there are 
one end, it is (5/47-5) x one or two outstanding 
(3410/2) 180lb where _ features, of this part of the 
47-5 in equals the total width ' design, worthy of special 
of the heelboard and 5 in is Fig. 19. Rear spring shackle bracket note. The cross member is 


the distance between the 

centre of a spring bracket and the adjacent end. The unrein- 
forced cross section at GH is shown in Fig. 17. In this type 
of structure, where a beam has a thin sheet metal web that 
is very deep relative to its flanges, it is usual to assume that 
the shear is all uniformly distributed over the whole depth 
of the web. Fig. 18 represents the type of shear distribution 
diagram calculated from the SA¥/IB formula for such a 
beam. From this diagram it can be seen that the assump- 
tion of uniform distribution of shear over the web is justified. 
In fact, the error is never more than 5 per cent, and is often 
considerably less. On this basis, the shear stress is 
180/(3 x 0-036) 1665 lb/in®. This stress will be satisfactory. 
The subject of allowable shear stresses in panels will be 
dealt with in greater detail in a later article, but for 
rectangular panels it is safe to design for a limiting stress 
given by the formula: 

E 


where f,~ the limiting shear stress 
Young’s modulus 
Poisson’s ratio 
t- the thickness of the sheet 
b the length of the shortest side of the panel 
a~ the length of the longest side of the panel 
k--a constant from the table below 


only 34 in deep so that the 
stresses will be fairly heavy. Its web should be stiffened 
with swages positioned vertically about } x 34— 2} in apart. 
In general, swages employed to stiffen a beam should be 
spaced three quarters of the depth of the beam apart along 
its length. However, this is not a rigid rule and it may be 
varied to suit different conditions. It is important that the 
ends of the swages should be more than 16t from the 
tlanges, otherwise the capacity of the flanges for carrying 
end loads will be reduced, and there will be a danger of 
fatigue cracks originating at the ends of the swages. 

With regard to the brackets, there is one important con- 
sideration. Because the line of application of the load is 
offset from the vertical web of the cross member, and also 
because of the angularity of the shackle, there is need for 
horizontal shear attachments at the top and the bottom of 
the bracket. In other words, the top of the bracket must be 
flanged and spot welded to the boot floor, and a rearward 
extension piece must be employed to attach the lower end 
of the bracket to the rear part of the boot floor, Fig. 19. 

If the rear of the extension piece does not come near the 
vertical rear wall of the boot, a swage should be pressed in 
the floor extending over its full width and passing over the 
back end of the extension pieces at each side. This swage 
completes the structure necessary to take the loads from the 
extension pieces. 

To be continued 


for reducing the viscosity of finishing enamels is a 

device which heats the paint on its way to the spray 
gun. The new process, which is of American origin, should 
be of particular interest to the automobile industry since it 
appears to solve a number of temperature and humidity 
problems and needs only one coat to give a perfect surface. 
Furthermore, it saves solvent costs, greatly reduces blushing 
and practically eliminates runs. 


The ‘‘Control-Temp”’ 

Built into the spray line the “ Control-Temp,” as the new 
device is called, is a small cylinder about eight inches long 
and weighing a pound and a half. Inside the cylinder is a 
helical tube through which steam at five or ten pounds 
pressure or water at 200 deg F is circulated. The finishing 
material passes round the outside of this tube on its way to 
the gun. The cylinder is completely insulated so that it can 
be held in the operator’s left hand while he works the gun 
with his right. Alternatively, it can be hung from a waist 
belt or even dragged along the floor, for it is equipped with 
heavy-duty rubber bumpers to withstand rough usage. This 


N N ingenious alternative to the use of volatile thinners 


HOT SPRAYING 


An Improved Finishing Technique 


appliance is manufactured by the Arco Company, Cleveland, 
Ohio, U.S.A. 

The “Control-Temp” uses a standard spray gun with 
room temperature air pressure. One great advantage is that 
no special circulating equipment is needed and only the 
finishing enamel actually used is heated. Although only a 
small quantity of finishing material is in the heating unit at 
any particular moment, heating action is so rapid that it is 
quite easy to maintain an output of one and a half pints per 
minute. There is an economy in operator’s time since there 
is no warm-up period needed. 

Cleaning is normally done by flushing the heater with 
solvent. At intervals, the unit will benefit from an alkaline 
cleaning of the outer shell through which the finishing 
medium has passed. Where there is no heat source available, 
a small steam generator or a 35 gallon hot water tank with 
circulating pump will normally be adequate. It would 
appear that this equipment has great potentialities. Claims 
are made that when it is used the quality of the work is 
of a more uniform and better quality than that usually 
produced with the more commonly used equipment, while 
at the same time it can also lead to appreciable economies. 
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PLASTICS BODIES 


Some Recent Developments in the United States of America 


T would appear that interest’ in 

reinforced plastics for automobile 

bodies has become widespread in 
the U.S.A. In an article published by 
Modern Plastics in their February 1953 
issue, there are illustrations depicting 
nine different makes of plastics bodied 
cars, and some details are given con- 
cerning a number of others. Nearly all 
the cars described are sports or con- 
vertible models for relatively small 
quantity production. 

Howcver, some of the larger manu- 
facturers are also experimenting with 
this material. Howard Darrin, who 
has styled some of the Kaiser models, 
is now designing several prototypes 
from which the production model of 
the Kaiser sports car will be selected. 
One of these incorporates features such 
as a convertuble top which retracts 
into the boot compartment, and doors 
which slide instead of swinging out on 
hinges. Sliding doors may be more 
practicable with plastics than with the 
more conventional steel construction. 
This is certainly a feature which has 
advantages to 4 motorist parking 
either in busy streets or in a= small 
garage. 

Kaiser-Fraser state that this” parti 
cular vehicle is) not the production 
version of the new K-F sports model 
which will be officially introduced at 
the Chicago Auto Show in’ March. 
Production plans for this new sports 
car and details of the moulding proce- 
dure to be followed have not yet been 
innounced. It is also rumoured that 
Chevrolet may be producing a plastics 
bodied Corvette. 

Another car that may be shown at the 
same time is the new Buick Wildcat. 
Ivan L. Wiles, general manager of the 
Buick Motor Division and vice presi- 
dent of the General Motors Corpora- 
tion, has announced that the Wildcat 
was designed to test the possibility of 
using glass fibre plastics for bodies. 
Phe use of this material could lead to 
yreater flexibility styling since the 
tooling costs for low volume production 
would probably be considerably less 
than with more conventional materials. 
In fact, some authorities state that 
these costs are only 10 per cent of 
those of press tools for steel bodies. 
Unfortunately, the material of 
glass reinforced laminated plastics in 
America 1s as much as 10 times that of 
sheet steel, and only when manufacture 
is on a small scale can advantage be 
taken of the low tooling costs that may 
make the use of plastics an economic 
proposition. 

Improvements are certainly being 
made in production processes. By using 
a single blanket of uncured material 
and a suitable press, panels can be 
made in as little as three minutes. This 
is still appreciably longer than the time 


required to form a steel panel. On the 
other hand, it is not necessary to 
perform extra Operations to reinforce 
plastics panels and give them adequate 
stiffness, whereas the time for additional 
fabricating work associated with the 
suffening of a bonnet lid, for instance, 
must also be taken into consideration. 

The Muntz Car Co. Inc. of 
Evanston, Illinois, is planning to place 
a reinforced plastics car body in pro- 
duction early in 1953. This will be used 
for the Muntz Jet sports model. 
Contrary to the usual practice with 
bodies made from plastics material, this 
will have individual moulded wings, 
canopy, rear deck and doors produced 
in matched mould dies. These com- 
ponents will be assembled to make the 
finished car. It is hoped that. this 
arrangement will not only further faci- 
litate the already simple process for 
repair of accidental damage, but that 
it will also reduce the labour costs 
involved in hand production of one 
piece bodies. 

A large number of small manufac- 
turers in America have also produced 
plastics bodies. Among these is the 
Glasspar Co. of Santa Ana, California, 
who make the Boxer. Vale Wright of 
Berkeley, California, plans to turn out 
one complete body per day, suitable for 
mounting on the M.G. chassis. Viking- 
Craft, of Anaheim, California, are now 
producing two glass fibre reinforced 
plastics models, one to fit the chassis of 
the 1947-1951 Crosley chassis and the 
other is the Super Skorpion body 
designed for the Super Sports Crosley, 
the Renault, Morris and other small 
chassis The weight of this unit is 
claimed to be less than 150 1b. Another 
made by the same manufacturer is 
known as the Cheetah, but it has yet to 
be shown to the public. It is to fit a 
modified Ford chassis. A coupé type 
body for the M.G. chassis is being 
made by Atlas Fiber-Glass Inc., of 
Alhambra, California. In Modern 
Plastics, it is stated that this model ts 
available with either one or two doors. 
An unusual structural feature is that the 
body, which weighs less than 200 Ib, is 
reinforced with | in steel tubing. 

In Detroit, Gino and Cesare ‘Testa- 
guzza have made a reinforced plastics 
sports car body for mounting on a 
Chevrolet chassis. This body is called 
La Seatta. It is made in one piece, 
including the front bumper, and weighs 
157 Ib. The Ray Greene Co., of Toledo, 
csumate that with Plaskon polyester 
resin and glass fibre, they could step up 
production to four bodies a day within 
thirty days, and to twenty per day 
within sixty days. The model they 
produce is mounted on a Henry J. 
chassis 

The Rockefeller Sports Car Corpor- 
auion, of Rockville Centre, New York, 


is making a four seater sports car body 
based on a Ford V-8 chassis. Lunn 
Laminates, also of New York, do the 
moulding. This body is made in four 
parts: the front and rear-ends, and two 
doors. The finished panels are approxi- 
mately thick. 

Another use for reinforced plastics 
has been found in styling departments. 
Clay mock-ups of new models are not 
very robust, and it is difficult to simulate 
satisfactorily the finish of an actual car. 
However, plastics shells made from 
moulds produced from the clay models 
will last almost indefinitely, and they 
can be metal-sprayed or painted to give 
the appropriate finish. In fact, it may 
well be that the rumours current in 
America concerning the production by 
large manufacturers of plastics bodied 
cars arise from the fact that these firms 
are now displaying some plastics proto- 
types instead of steel ones at motor 
shows. This would be a relatively in- 
expensive means of testing public 
reaction to the style and general con- 
ception of a model before investing 
capital in press tools. In that way a lot 
of the risk associated with the intro- 
duction of new models would be 
circumvented. 


DE-RATING GASKETS 

HE Alexander Engineering Co. Ltd., 

of Haddenham, Bucks., are produc- 
ing thick cylinder head gaskets for 
lowering the compression ratios of 
engines to adapt them for low octane 
fuels, or for conversion from petrol to 
vaporizing oil fuels. These gaskets are 
made from a_ thick sheet aluminium 
washer with a Plexeal aluminium foil 
Jamination on each side. The lamina- 
tions are bonded to the sheet by means 
of a thermo-setting resin adhesive. This 
arrangement provides the flexibility 
necessary for the gasket to adapt itself 
to joints that are not absolutely flat. 
However, the manufacturers emphasize 
the fact that this gasket is not intended 
for use in badly distorted joints. Alu- 
minium foil ferrules are fitted round 
the cut-outs for the cylinder bores, and 
other holes guard against accidental 
peeling and tearing of the laminations 
during handling. 

It is claimed that these gaskets are 
superior to the conventional copper and 
asbestos types because of their better 
thermal conductivity. This allows heat 
to be conducted from the head to the 
cylinder walls which otherwise are 
sometimes over-cooled. It also helps to 
eliminate hot-spots which cause pink- 
ing and running-on. When thick gaskets 
are fitted it is, of course necessary to 
make some adjustment to the push rod 
length. (1038) 
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SMALL CAR PRODUCTION 
The Manufacture of Engines and Transmissions for the Austin* A30° 


Part 1 


EVERAL developments of out- 

standing interest are included in 

the equipment for producing the 
power units and transmissions for the 
Austin which inevitably 
more generally known as the Austin ‘7.’ 
The engine for this vehicle is a four- 
cylinder unit of 58 mm bore and 76 mm 
stroke, with a_ three-bearing, partly 
balanced crankshaft and push rod oper- 
ated overhead valves. Because of its 
outstanding performance for its capa- 
city, this engine is also to be used as 
the power unit for the Morris Minor. 
The decision that this engine should be 
common to both the ‘7’ and the 
‘Minor’ has entailed arrangements for 
doubling the output for which the 
machine lines were originally planned. 
These notes are based on the original 
tooling, but they contain references to 
certain changes that are to be made to 
obtain the increased output. 

So far as general machining is con- 
cerned, the outstanding features of the 
tooling are the use made of multi- 
station in-line transfer machines and of 
unit machine heads designed and 
manufactured by the Austin Motor Co. 
Ltd. As is well known, multi-station 
in-line transfer machines are 
in use in several automobile 
factories, but in the Austin 
works, transfer machining is 
applied to a much wider range 
of components than in any 
other British automobile 
factory. 


Unit machine heads 

Machines of the Company’s 
own design are not unknown 
in other organizations, but 
they are generally for specific 
applications for which stan- 
dard machines are not suit- 
able. Austin unit machine 
heads, on the other hand, 
have been developed for use 
on a wide range of machining 
operations. They are now in 
use on single station and 
multi-station machines for 
several of the engine and 
transmission components for 
milling, drilling, reaming and 
tapping operations. 

The manufacture of the unit 
heads has been organized on a 
quantity production basis, and 
the designs are such as to give 
maximum efficiency at mini- 
mum cost. As the products 
to be machined are stabilized, 
once a head is put into use it 
will be used for the same 
operation for a considerable 
period. There is, therefore, no 


Fig: 1. 


need to make provision for quick 
changes over a wide range of speeds 
and feeds. 

A relatively small range of unit heads 
can be adapted for a wide variety of 
work. In basic design all the heads are 
generally similar. Each is so designed 
that it is suitable for right- or left-hand 
mounting in a horizontal, vertical or 
angular plane, and incorporates mech- 
anism for an automatic cycle of fast 
approach, feed and rapid return. Essen- 
tially, a unit comprises a spindle head 
mounted on a saddle that moves on a 
slide which forms the base. A two-start 
feed screw supplies the feed movement. 
The spindle head embodies its own 
drive motor, and the normal feed drive 
is taken from the spindle through a 
reduction gear. Rapid traverse forward 
and return movements are controlled 
by a separate motor in a fast-feed unit 
attached to the extreme end of the base 
slide. Micro-switches on the base, oper- 
ated by trip dogs on the saddle, control 
the automatic cycle. Through contactor 
relays, these switches can be arranged 
to start, stop and reverse the spindle 
and fast-feed motors in any desired 
sequence. 


Archdale three-way drilling and boring machine with 


four-station rotary indexing table 


Substantially, the drive arrangement 
is the same for every size of head. The 
drive to the spindle from the spindle 
drive motor is taken through a series 
of pick-off gears on splined shafts. 
Pick-off gears are used for both speed 
and feed changes, but the changes are 
not so easily effected as on conventional 
machines. There is, of course, no need 
for frequent changes of feeds and 
speeds. Once a head has been allocated 
to a specific job, it is geared to give 
the optimum machining conditions, 
and normally it will be used for the 
same job until change in design calls 
for a re-tooling. Relatively complex 
and expensive means for rapid changes 
over a wide range of feeds and speeds 
are unnecessary and would be un- 
economic. 

The micro-switches for controlling 
the automatic cycle are mounted on 
both sides of the base slide. Four 
Burgess MK 4BR_> micro-switches in 
three lanes are mounted in the standard 
switch box. This gives a normal cycle 
of fast approach, feed and rapid return. 
The switches and dogs controlling the 
extreme positions of the head are dupli- 
cated on each side and are connected 
in series as a safety measure. 

More complex automatic 
cycles can be obtained by 
using more dogs or by 
using the switch boxes on 
both sides of the unit. On a 
head that is to be used for 
tapping operations, one of the 
switches is arranged to 
reverse the spindle motor. 
This gives the following 
cycle: rapid approach, feed, 
reverse spindle feed, rapid 
return and stop. 

B.T.H. rotor-stator units 
have been adopted the 
driving motors. Different 
speeds and powers can be 
obtained by changing the 
rotor and stator in the hous- 
ing. So that’ units” with 
different strokes can be 
assembled to suit various 
applications, base slides and 
lead screws are produced in a 
series of standard lengths for 
each size of head. A driving 
dog for driving a multi-spindle 
head or other attachment is 
incorporated in the spindle 
nose. The attachment is 
bolted to the face of the unit 
spindle head, which is jig 
drilled with bolt holes and 
dowel holes in standardized 
pesitions to allow any appro- 
priate attachment to be 
mounted. There are also 


Fig. 2. Control panel and loading station for a 12-station in-line Fig. 3. 
transfer machine for the Austin ‘tA30"’ cylinder block 


alternative positions for mounting the 
unit head on the saddle to allow for the 
length of a multi-spindle head or other 
attachment. All unit spindles are bored 
to a standard taper so that single point 
tools can be used where required. 


Cylinder block machining 

On the first machine in the cylinder 
block line the joint and sump faces are 
milled to leave 0-025 in of stock to be 
removed at subsequent operations. 
Originally, the blocks were machined 
singly on a duplex horizontal miller 
tooled to machine both faces simul- 
taneously. ‘To meet the increased out- 
put requirements, an Asquith vertical 
rotary milling machine with 10 fixtures 
has been installed. Five of the fixtures 
are designed to take the casting as 
received with the joint face up; the 
other five give location from the 
machined joint face for milling the 
sump face. Roughing and semi-finish- 
ing cuts are taken on both faces at a 
surface cutting speed of 250ft per 
minute. 

From the first operation, the block is 
transferred to an Archdale four-station 
rotary indexing transfer machine, see 
Fig. 1, with three working stations and 
one loading and unloading station. This 
machine has a vertical head that oper- 
ates at all three working stations and 
two horizontal heads, each of which 
operates at two working stations. The 
component is loaded with the sump 
face up. 

At the first working station, the 
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vertical head drills two location holes 
in the sump face, six holes for the main 
bearing cap bolts, an oil suction hole, 
two sump screw holes and part drills 
the dipstick hole. At the same time the 
left-hand horizontal head operates to 
drill the dynamo mounting hole and 
part-drill the oil release valve hole. 

The table is indexed, and at the 
second working station the two location 
holes in the sump face are reamed from 
the vertical head. These holes act as 
register points for subsequent opera- 
tions. The vertical head is also used at 
this station for counterboring the six 
bearing cap holes and the oil suction 
hole, and for drilling the dipstick hole 
through. Both horizontal heads are in 
use at this station, each drilling the 
main oil gallery hole to a depth of 3} in 
from the end. 

At the final station on this machine 
the vertical head and the right-hand 
horizontal head are in action. From the 
vertical head the bearing cap holes are 
reamed, 12 screw holes are drilled in the 
sump face and the distributor shaft oil 
hole is drilled. The right-hand hori- 
vontal head is used for counterboring 
three off-side welch plug holes and for 
drilling the oil release valve hole to 
depth. 

At the next operation eight tappet 
guide holes are drilled. The output 
originally planned could be maintained 
from one machine, an Archdale four- 
spindle vertical drill, but to meet the 
increased output, an Austin  four- 
spindle unit head machine will also be 
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Milling head for machining the tappet cover face and 
the petrol pump facing on the machine shown in Fig. 2 


employed. Similar methods will be used 
on both machines, which have identical 
work fixtures. ‘The centre distance 
between the inlet and exhaust tappet 
holes for any one cylinder is too close 
to allow them to be drilled simul- 
taneously, but provision is made for all 
eight holes to be drilled at one loading. 

The work is loaded on to an in-line 
three-station indexing fixture. At the 
loading position the work is central 
under the machine head. When the 
casting is located, air clamps are applied. 
The table, and with it the fixture and 
the work, is pneumatically indexed a 
short distance to the right to bring the 
casting into the desired position for 
drilling four of the holes. After these 
holes are drilled and the head is 
retracted, the table is again indexed to 
bring the work to the third position, 
which is left of centre for drilling the 
other four holes. Finally, the table is 
indexed to the original position and 
the block is unloaded. 

Before the next operation the casting 
is turned over on to the sump face. It 
is then loaded into a three-way drilling 
and boring machine in which the 
cylinder bores are rough machined 
from a four-spindle vertical boring 
head. At the same time, the rear end 
welch plug hole is counterbored from 
a horizontal head at the rear and two 
tappet cover holes are drilled from a 
horizontal head at the right. The main 
oil gallery hole is then drilled through 
from each end on an Austin unit head 
machine. 
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An inspection station is_ located 
immediately subsequent to this opera- 
tion. Special receiver gauges have been 
designed to facilitate percentage in- 
spection at appropriate stages in the 
machining sequence. It is, of course, 
not only necessary to ensure that every 
machined element is dimensionally 
correct but also to ensure that the 
spatial relationships between the 
different. elements are maintained 
within the specified tolerances. The 
receiver gauges allow the necessary 
checking to be carried out quickly and 
accurately. At this stage, the gauge is 
designed to check the top and bottom 
face distance, the location holes, bear- 
ing cap bolt holes, counterbores, oil 
suction hole depth, the rough machined 
cylinder bores, the rear end welch plug 
hole and the tappet cover stud holes. 
Three welch plug holes are then fitted 
in the off-side and the casting is given 
a water test. 

From the water test the casting is 
transferred to the first of a number of 
in-line automatic transfer machines. 
Before the operations carried out on 
this machine are described, some 
general remarks may be made about 
the transfer machining methods 
generally in this organization. The 
transfer machines themselves are in 
some instances completely designed 
and manufactured by James Archdale 
and Co. Ltd.; in others, Austin unit 
machine heads are used In conjunction 
with bases and transfer mechanisms of 
Archdale design and make. 

In one respect, the practice adopted 
by the Austin Motor Co. Ltd. for in- 
line automatic transfer machining 
differs from that employed generally 
by other automobile manufacturers in 
this country. This is, that without 
exception the component is mounted 
on a platen, or carrier, plate for its 
journey through the machine; this is 


Fig. 5. Blow-out and gauging units for the cylinder head stud holes and four holes in the 
side of the casting 
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Fig. 4. Blow-out and gauging unit on the transfer machine 


the exception rather than the rule in 
other organizations. There are certain 
disadvantages in the use of a platen 
plate. One is that loading and un- 
loading take more time than is required 
when the component is loaded direct 
into the machine and is automatically 
released at the end of the machine. A 
second is that the plate must be 
returned to the loading station. To set 
against these disadvantages is the fact 
that it is easier to ensure accurate 
register of the plate at each successive 
station, and very much easier to clamp 
it securely than it is to register and 
clamp a casting of complex shape. In 
addition, the wear on register points 


such as the location holes in the sump 
face of the cylinder block is greatly 
reduced, and there is therefore much 
less danger that small but significant 
inaccuracies may occur. After all the 
pros and cons had been considered, it 
was decided to use platen plates on all 
in-line automatic transfer machines. 

Platen return is at present effected 
on an enclosed overhead circuit with 
King electric hoists for raising the 
platen and conveying it from the un- 
loading to the loading station. This is 
an effective and economical method, 
but it has certain drawbacks, and it is 
probable that alternative arrangements 
will be adopted. Swarf disposal is 
another problem that is inseparable 
from the use of multi-station in-line 
automatic transfer machines. In this 
factory, the method adopted is to have 
an endless slot conveyor running under 
the machine and arranged to deposit 
the swarf in a receptacle at the end of 
the machine. 

The first transfer machine in the line 
as laid out at present is an Archdale 
12-station machine, but to cope with 
the increased production a 23-station 
machine will be installed. These notes 
deal only with the existing machine. 
For passage through this machine, the 
block is placed sump face down on the 
platen fixture with the rear end leading. 
Location is taken from the reamed 
holes in the sump face and the casting 
is clamped through the first and fourth 
cylinder bores. A pilot bush for the 
distributor shaft hole is incorporated 
in the fixture. 

From the loading station, Fig. 2, the 
casting is indexed to an idle station 
and thence to third station 
where the left-hand unit is a travelling 
head milling machine with a 3 in 
diameter face milling cutter for 
machining the distributor boss. The 
right-hand unit at this station, Fig. 3, 
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Fig. 6 


is also travelling head milling 
machine, but with two spindles, one 
for milling the tappet cover face and the 
other for milling the petrol pump facing. 

At the fourth station, the left-hand 
unit comprises a rise and tall milling 
head mounted on a standard Archdale 
column for a vertical drilling machine. 


It carnes two spindles with 2! in 
diameter face milling cutters for 
machining the dynamo mounting 
bosses and the oil filter boss. The 


right-hand unit at this station is a four- 
spindle drill head. It drills two holes 


in the petrol pump face, a hole for the 

breather pipe clip and a 

hole. 
There 


water drain 


are two drilling units at the 


Fig. 7 
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Five-station transfer machine with boring spindles at each working station 


fifth station. ‘That at the left is a 
vertical 11-spindle unit tooled for drill- 
ing mine cylinder head stud holes, an 
oil hole and an oil pump priming hole. 
At the right there is a single spindle 
horizontal unit for drilling the water 
drain hole through. ‘The sixth station 
has an angular two-spindle drill unit 
at the left for drilling the distributor 
et pin hole and a hole through into 
the main oil gallery. ‘The right-hand 
unit at this station 1s a two-spindle drill 
unit tooled for spot-facing the water 
drain boss and the breather pipe clip boss. 

At the seventh station there is a left- 
hand angular two-spindle unit tooled 
for drilling the large distributor hole 
and for spot-facing the oil gauge union 


12-station in-line transfer machine with drilling, reaming, milling and tapping heads 
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boss. The right-hand unit at this 
station is a vertical 1l-spindle drill 
head used for drilling two push rod 
holes, six water course holes, two rivet 
holes for the engine number plate and 
for pin facing the oil priming hole. At 
the eighth station the distributor shaft 
hole is drilled from a left-hand angular 
unit, while from a seven-spindle ver- 
ucal right-hand unit two push rod 
holes are drilled, other two push rod 
holes are drilled and reamed and three 
water course holes are drilled. 

Many of the holes that have been 
drilled up to this stage have to be 
tapped, and later stations on_ this 
transfer machine are tooled for tapping. 
To eliminate the danger of tap 
breakage, it is essential to ensure that 
blind holes are drilled to the correct 
depth. It is also essential that the 
holes be cleared of swarf, both to 
ensure that a build-up of swarf does 
not in effect reduce the depth of a 
blind hole, and to prevent the produc- 
tion of incorrect threads. kor this 
reason, the ninth and tenth stations are 
occupied by special blow-out and 
checking units, shown in Figs. 4 and 5. 
Each unit has a series of nozzles so 
arranged that they enter the appro- 
priate holes when the head advances, 
and compressed air passing through 
the nozzles blows out the swarf. The 
nozzles also act as depth gauging units. 
At the ninth station there is only one 
horizontal angular unit arranged for 
blowing the swarf out of the dis- 


tributor set pin hole and for gauging 
the depths of the set pin hole and the 
oil gauge union hole. 
at the 


A vertical unit 


left-hand side of the tenth 
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station is used for blowing out and 
checking the depth of the cylinder head 
stud holes and the oil pump priming 
hole, while the right-hand horizontal 
unit is used to blow-out and check the 
depth of the tappet cover stud hole, the 
petrol pump stud holes the 
breather pipe clip hole. 

There are two multi-spindle tapping 
units at the eleventh § station, one 
vertical for tapping nine cylinder head 
stud holes and the oil pump priming 
hole, while a_ horizontal unit taps 
tappet cover stud holes, petrol pump 
stud holes, the water drain hole and the 
breather pipe clip stud hole. At the 
final working station on this machine 
a two-spindle angular unit is used for 
tapping the distributor set pin hole and 
the oil gauge union hole. There is also 
a vertical multi-drill head at this 
station. It is tooled for re-drilling an 
oil hole through to the front cam 
bearing, two push rod holes and five 
water course holes. To deal with the 
larger output that is now planned, a 
23-station in-line automatic transfer 
machine will be used. It is designed 
to perform exactly the same operations 
as the existing machine but it will give 
double the output. 

The casting is then transferred to a 
second in-line transfer machine, see 
Fig. 6. For passage through this 
machine, which has five stations, the 
block is mounted on the platen plate 
with its longitudinal axis at right angles 
to the longitudinal axis of the machine 
and with the sump face up. Location 
is taken in the work fixture from the 
sump face and the location holes. The 
machine has boring units at each of the 
working stations. 

At the first station the left-hand 
unit carries two spindles, one tooled 
for boring and facing the oil pump 
recess and rough boring and facing 
another diameter, while the second 
rough bores the rear half crankshaft 
bearing. The right-hand unit at this 
station has three spindles. One is 
tooled for rough and finish machining 
the outer water pump bore for 
diameter and depth, for rough machin- 
ing the inner water pump bore, and 
for chamfering the outer water pump 
bore. The second rough bores the 
front cam bearing, and the third rough 
bores the front half crankshaft bearing. 

From the left-hand unit at the third 
station the rear camshaft bearing and 
the centre half crankshaft bearing are 
rough bored, while from the right- 
hand unit the centre camshaft bearing is 
rough bored. It should be noted that 
the camshaft bearing diameters vary, 
the front being the largest and the rear 
the smallest. This is advantageous 
when semi-finish and finish in-line 
boring are carried out at a later stage. 
Only one boring unit is mounted at 
the final working station on_ this 
machine. It is used for finish facing 
the oil pump recess. Between this 
machine and the next, there is a 

receiver gauge placed conveniently in 
relation to the roller conveyor between 
the machines. It is designed for check- 
ing all the operations carried out on 
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the two preceding 


in - line transfer 
machines. 

At this stage the 4 
casting is passed 
to another Archdale 
in-line automatic 
transfer machine, i 


shown in Fig. 7. 
This one has 12 
stations including 
the loading and 
unloading stations. 
The component is 
loaded on _ the 
platen with the 
sump face up and 
with its longitud- 
inal axis in line 
with the longitud- 
inal axis of the 
machine. At _ the 
first working 
station, an angular 
unit at the left- 
hand side is used 
to. spot-face and 
chamfer dis- 
tributor pilot shaft 
boss. while from 
the right-hand side 
a rise - and - fall 
milling head, see 
Fig. 8, mills the 
inner sides of the 
front and rear half 
crankshaft bearing 
cheeks both 
sides of the centre 
half crankshaft 
bearing cheeks. 
Drill units are 
used at the second 
working station. A horizontal unit at 
the left is tooled to open out the oil 
release valve hole to two diameters and 
depths by means of a stepped drill, 
and two other holes are drilled at the 
same time. The right-hand unit is 
angular and drills holes from the three 
main bearings to the main oil gallery. 


Fig. 9. 


Fig. 8. Rise-and-fall milling head for machining the main bearing 
cheeks on the Austin ‘A30’ cylinder block 


Vertical and horizontal drill units are 
used at the third working station. The 
horizontal has three spindles tooled for 
opening out the oil release valve hole, 
spot facing the oil release valve boss 
and chamfering the large oil filter 
connection hole. The vertical unit 
drills a hole through into the oil release 


Milling the bearing oil grooves on the machine shown in Fig. 7 
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Fig. 10. Duplex miller for machining the end faces 


valve hole, the oi! suction hole and the 
oil filter drain hole. 

At the next station, a two-spindle 
horizontal unit on the left-hand side 
carries a formed reamer for reaming 
the oil release valve bore to a specified 
depth and forming a 30 deg seating, 
and a drill for drilling through into the 
oil release valve hole. On the right- 
hand side of the line there is a blow- 
out and gauging unit of the type 
already described. Five blind sump 
screw holes and six bearing cap bolt 
holes are blown-out and checked for 
depth. There is also a_ horizontal 


Fig. 11 


blow-out unit on the left-hand side at 
the fifth working station. It is used 
for blowing-out and checking for depth 
the horizontal tapping holes on the off 
side of the cylinder block. The right- 
hand unit at this station is a 12-spindle 
vertical tapper for tapping the bearing 
cap bolt holes, five sump screw holes 
and an oil suction hole. 

Both units are used for tapping at 
the next station. One taps five holes 
in the off side, while the other taps 
nine right-through sump screw holes. 
There is only a single angular drilling 
unit at the seventh working station. It 


Archdale seven-station in-line transfer machine 
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is tooled to drill three oil holes, one 
from the front crankshaft bearing to 
the front camshaft bearing, one from 
the centre crankshaft bearing to the 
centre camshaft bearing, and one from 
the oil filter hole to the main oil gallery. 
Two single spindle units are used at the 
next station. At the left-hand side an 
angular unit is used for reaming the 
oil hole from the centre crankshaft 
bearing to the centre camshaft bearing, 
while a vertical unit at the right drills a 
hole from the sump face to the oil 
release valve hole. 

Only one unit is mounted at the 
ninth working station. It has a rise- 
and-fall milling head, see Fig. 9, tooled 
for machining an oil groove in each of 
the three crankshaft bearings. To 
complete the operations on_ this 
machine, there is a similar rise-and-fall 
milling head at the tenth working 
station. It mills a bearing tab slot in 
each of the three crankshaft bearings. 

At this stage the sump face is finish 
milled. Adjacent to the milling machine 
there is a receiver gauge for checking 
the release valve hole, the angular oil 
holes, the thrust faces, the distributor 
bores, the oil grooves and the bearing 
tab slots. Immediately after the sump 
face is finish milled, the front main 
bearing cap is fitted, the block is turned 
over on to the sump face and loaded 
into an Archdale duplex milling 
machine, Fig. 10, in which the front 
and rear ends are finish milled. 

Further transfer machining is then 
carried out on an Archdale seven- 
station in-line machine, Fig. 11. The 
casting is mounted on the platen in the 
same manner as that used at the first 
transfer machine in the cylinder block 
line, but with its longitudinal axis at 
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right angles to the longitudinal axis of 
the machine. At the first working 
station on this machine, 10 holes are 
drilled in the rear end and the end of 
the main oil gallery is reamed for a 
depth of } in from a horizontal unit at 
the left, while another horizontal unit 
at the right is used to drill nine holes 
in the front end, and the other end of 
the main oil gallery is reamed. Hori- 
zontal multi-drill units are also used at 
the next station, one to drill 13 holes 
in the rear end and the other to drill 
seven holes in the front end. 

Many of the holes drilled at the first 
two working stations on this machine 
have to be tapped. To prepare them 
for the tapping operations, there are 
two horizontal blow-out and checking 
units at the third working station. Six 
holes are tapped in the front end and 
15 in the rear end at the next station. 
At the final working station the left- 
hand unit is a 12-spindle horizontal 
tapper for tapping the rest of the holes 
in the rear end, while the right-hand 
unit is a four-spindle vertical borer, see 
Fig. 12. Each boring bar carries two 
tools, one for chamfering the top and 
the other for chamfering the bottom of 
the cylinder bores. It is almost unneces- 
sary to say that the bottom chamfering 
tools are of the tangential-feed type. 

From the transfer machine, the block 
is passed in sequence to two Archdale 
four-spindle drilling machines. On the 
first, the eight tappet guide holes 
drilled early in the machining sequence 
are opened out, and on the second they 
are reamed to size. Each of these 
machines incorporates a_ three-station 
indexing table of the type described 
earlier for the first tappet guide hole 
drilling operation. The reaming 
machine is shown in Fig. 13. 

The centre and rear main bearing 
caps and the rear cover are then fitted, 
before the block is transferred to an 
Archdale two-way borer, on which 
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Fig. 12. 


machine the crankshaft bearings and 
the camshaft bearings are semi-finish 
bored. From a rear angular head the 
distributor housing bore is semi- 
finished and the distributor shaft bore 
is opened out and chamfered. ‘The 
block then passes to another Archdale 
machine that differs only in having a 
third head at the left-hand side. On 
this machine the crankshaft bearing 


\ 


Set-up for reaming the tappet guide holes 


Four-spindle boring head for chamfering the cylinder bores, top and bottom 


and camshaft bearing bores are finished 
to size from the right-hand head, while 
the distributor housing bore 1s finish 
machined and distributor shaft hole is 
reamed from the rear angular head. 
The left-hand head ts used to ream two 
dowel holes in the rear end. 

Only one further machining sequence 
calls for comment. It is carried out on 
an Archdale nine-station — in-line 
transfer machine, Figs. 14 and 15, for 
finishing the cylinder bores. The 
practice at this machine varies from 
that employed at the other transfer 
machines in the cylinder block line, in 
that two blocks are mounted side-by- 
side on the platen. At each of the 
working stations there is a_ single 
vertical boring unit; the units are 
arranged alternately to the left and to 
the right of the transfer line. 

The sequence on this machine 1s 
such that one block is machined at the 
first, third and fifth working stations 
while the other block is machined at 
the second, fourth and sixth stations. 
The final station is common to both 
blocks. At the first station a four- 
spindle unit semi-finishes the cylinder 
bores of the left-hand block; a similar 
unit carries out the same operation on 
the right-hand block at the second 
station. Finish boring is carried out at 
two stations for each block. At the 
third station Nos. 1 and 3 cylinders of 
one block are fine bored and Nos. 1 
and 3 cylinders of the other block at 
the fourth station. Nos. 2 and 4 
cylinders are fine bored in one block 
at the fifth station and at the sixth 
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Fig. 14. Archdale nine-station in-line transfer machine for semi- 
finish and finish machining the cylinder bores 


station for the other block. At the 
final working station, wire brushes are 
mounted on boring bars in an eight- 
spindle vertical head for finish brush- 
ing the cylinder bores. Every cylinder 
bore is inspected for finish and then 
graded for size by means of Solex 
pneumatic equipment. The machining 
is then completed by finish milling the 
top face. 

It is not intended to describe in 
detail the machining of the cylinder 
head, but attention must be drawn to 
the small amount of handling that is 
necessary. ‘This is chiefly due to the 
introduction of two automatic in-line 
transfer machines into the cylinder 
head machining line. ‘They are both 
Archdale machines. The sequence will 
be described very briefly. 

The first operation is carried out on 
a vertical two spindle milling machine 
with two work fixtures. In the first 
fixture the top face 1s machined; the 
casting is then transferred the 
second fixture with the joint face up for 
machining. ‘The casting is then trans- 
ferred to a three-way unit machine 
with a three-spindle vertical and a 
single-spindle horizontal head for drill- 
ing certain holes, and a horizontal head 
for milling the manifold face. 

From the three-way unit machine, 
the casting passes to a six-station in- 
line transfer machine. ‘This machine 
has drill units at both the right and the 
left of the transfer line at each working 
station. On leaving the first transfer 
machine the casting is viewed and then 
passed to a 19 station-in-line transfer 
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machine, shown in 
Fig. 16. By the 
tume casting 
reaches the end of 
this machine, all 
the necessary drill- 
ing, reaming and 
tapping have been 
carried out. 

Only two further 
machining opera- 
tions are carried 
out on the casting. 
At the first, the 
joint face is finish 
machined on a 
conventional mill- 
ing machine; at the 
second valve 
guide holes, the 
valve throats and 
the valve seats are 
finish machined. 
Krause fine boring 
machines are used. 
This machine has 
two stations, one 
tooled for fine bor- 
ing two exhaust 
valve guide holes 
and finish forming 
their valve throats 
and seats, and the 
other for carrying 
out similar opera- 
tions on two inlet 


valve elements. 
After these four 
holes have been 


machined, the fixture is indexed to 
bring the other exhaust and inlet holes 
into the machining position and the 
machining cycle is repeated. In other 
words, the elements for the four 
exhaust valves are completed in two 
machine cycles; the casting is then 
transferred to the second fixture and the 
elements for the inlet valves are com- 
pleted in another two machine cycles. 


Fig. 15. 
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Crankshaft machining 

Without any doubt the most interest- 
ing feature of the machining methods 
for crankshafts is the use of multi- 
station in-line transfer machines. No 
other company in this country uses 
transfer machines for this component, 
nor to the best of our knowledge have 
such machines been developed in 
America. Apart from the _ transfer 
machines, only the Wickes machines 
for rough and finish turning the 
journals call for comment; all the other 
machines are of conventional, well- 
known and proven types. The set-up 
for rough journal turning is shown in 
Fig. 17. 

On the Wickes machine for rough 
turning, a turning tool on the rear tool 
slide turns the centre journal while two 
forming tools on the front slide 
machine the webs. One of the forming 
tools turns down the front fillet, turns 
down the web and blends into the 
journal; the other turns down the rear 
fillet and turns down the web. For 
machining the front journal, a turning 
tool and a face and turning tool are 
mounted on the rear tool slide and a 
forming tool and a turning tool on the 
front slide. The tools on the rear slide 
turn the front of the front journal, 
face down the front of the front journal 
and turn the rear of the gear diameter. 
Those on the front slide turn down 
the fillet at the front journal and blend 
it to the journal while the turning tool 
turns down the web. 

For the rear journal and flange, two 
form turning tools are mounted on the 
rear tool slide and two turning tools 
on the front tool slide. The forming 
tools turn down the rear fillet, turn the 
journal, turn down the front face of 
the flange, turn rear of oil return thread 
and form a radius; turn down the rear 
face of the flange and turn the register. 
The front tools turn down the front 
fillet, turn a step on the web and turn 


The loading station for the machine shown in Fig. 14 
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Fig. 16. 


the front of the journal. A somewhat 
similar complex operation cycle is 
carried out on the Wickes machine 
tooled for finish turning the journals. 
The first of the transfer machines in 
the crankshaft line is a seven station 
machine with Austin unit heads. It is 
tooled for drilling, tapping and forming 
both ends of the shaft. The loading 
station is shown in Fig. 18 and a 
general view of the machine in Fig. 19. 
Location in the work fixture is taken 
from turned journals and from location 
pads milled at an earlier operation. 
At the first working station the left- 
hand head is a horizontal drill unit with 


Ud 


Fig. 17. Set-up for rough turning crankshaft journals on a Wickes journal turner 
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19-station in-line transfer machine for the Austin ‘A30’ cylinder head 


a five-spindle multi-head. It drills a 
central hole and four tapping holes in 
the flange. The right-hand head at 
this station drills a central hole in the 
other end of the shaft. Similar units 
are mounted at the second working 
station. At this station the left-hand 
head is tooled to continue drilling the 
central hole in the flange to a smaller 
diameter and to a depth of 27's in. 
Coning drills are mounted on the other 
spindles of the five-spindle head for 
chamfering the flange holes. At the 
same time the right-hand head opens 
out the hole in the other end of the 
shaft for a depth of } in. 


| 


4 


Horizontal units with single tools are 
used for both heads at the next station. 
The left-hand head carries a form tool 
with an inserted Galtona blade for 
forming a 50 deg angle on the flange 
end while the right-hand head is tooled 
for facing the end to length. ‘Two 
horizontal tapping units are used at 
the fourth working station. A four- 
spindle tapping head is mounted on 
the left-hand unit. It taps four holes 
in the flange. The right-hand head 
taps the central hole in the rear end 
of the shaft. At the final working 
station there is a single coning tool on 
each head. 

The second transfer machine has 11 
stations, nine working and one each for 
loading and unloading. It is tooled 
for countersinking and drilling the oil 
holes from the journals to the crank- 
pins, and for reaming the holes for 
restrictors. To carry out these opera- 
tions, it is necessary to change the 
angular disposition of the shaft in rela- 
tion to the heads at certain stations. To 
obtain the angular changes, a special 
indexing work fixture is used, see 
Fig. 20. Cams on the machine effect 
the indexing at the appropriate stations. 

At the first working station the left- 
hand head is a horizontal drill unit 
with a three-spindle attachment. It 
countersinks Nos. | and 4 crankpins 
and the centre journal. The right-hand 
head has a four-spindle head attached 
to a horizontal drill unit for counter- 
sinking Nos. 1 and 3 journals and Nos. 
2 and 3 crankpins. At the second 


station the shaft is indexed to a position 
for drilling oil holes. 


At this station 
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Fig. 18. 


the left-hand head is a_ horizontal 
reciprocating drill unit with a spade 
point extension drill for drilling a 1% in 
hole from No. 4 crankpin to No. 3 
journal, 1} in deep. The right-hand 
head has a_ horizontal reciprocating 
unit with a two-spindle attachment. 
It carries spade drills for drilling a hole 
from No. 3 journal to No. 4 crankpin 
and a hole from No. 3 crankpin to the 
centre journal. Each hole is drilled to 
a depth of 1} in. 

The shaft disposition remains the 
same at the next station where a 
horizontal drill unit at the left is used 
to ream the hole at No. 4 crankpin to 
a depth of two-spindle head 
is mounted on the horizontal drill unit 
at the right. One spindle reams the 


Fig. 19. 


AUTOMOBILE 
ENGINEER 


Loading station for the transfer machine shown in Fig. 19 


hole at No. 3 crankpin to a depth of 
} in, while the other carries an exten- 
sion drill that completes the drilling of 
the hole from No. 3 journal to No. 4 
crankpin. This drill is sin less in 
diameter than the drills used at the 
previous station for starting the hole 
from No. 3 journal to No. 4 crankpin. 

Only one head is used at the fourth 
working station. It is a horizontal drill 
unit at the right hand for continuing 
drilling the hole from No. 3 crankpin 
to the centre journal for a further 1} in 
but at .: in smaller diameter. At the 
next station also, only a_ right-hand 
head is used. It is a horizontal drill 
unit that completes the drilling 
through from No. 3 crankpin to the 
centre journal. 
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At the sixth working station the 
fixture is automatically turned through 
an angle to bring Nos. 1 and 2 crank- 
pins into position for drilling. From 
the left-hand head a horizontal drill 
unit drills a 1% in diameter hole 1} in 
deep from No. 1 crankpin to No. 1 
journal, while a two-spindle head on 
a horizontal drill unit at the right drills 
is in diameter holes 1} in deep from 
No. 1 journal to No. 1 crankpin and 
from No. 2 crankpin to the centre 
journal. 

With the shaft in the same angular 
disposition, at the next station the left- 
hand head is used to ream the hole at 
No. 1 crankpin for a depth of 3 in, 
while the right-hand head reams the 
hole at No. 2 crankpin and drills 
through the hole to No. 1 journal. 
At the eighth working station the 
hole from No. 2 crankpin to the 
centre journal is drilled for a further 
1} in from the right-hand head, and at 
the ninth station this hole is drilled 
through. 


Connecting rod machining 

Rods and caps are produced from 
separate stampings. The vertical axes 
of the rods are offset in relation to the 
central vertical plane of the big end, 
the rods for Nos. 1 and 3 cylinders 
being offset in one direction, while 
those for Nos. 2 and 4 cylinders are 
offset an equal amount in the opposite 
direction. In other words, two right- 
and two left-hand rods are required for 
each engine. 

The machining sequence will not be 
described in full; only the more 
interesting operations will be discussed 
in detail. Two preliminary operations 
are carried out to give locations for 


Seven-station transfer machine for drilling, tapping and forming the crankshaft ends 
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Fig. 20. Loading station and first working stations on the transfer machine for drilling and 
reaming oil holes from the crankshaft main journals to the crankpins 


subsequent operations. At the first of 
these, the rod is rough ground on both 
side faces and at the second the 
gudgeon pin hole drilled and 
reamed. After these location points are 
machined, the rods are loaded two at 
a time, one right- and one left-hand, 
into a fixture on a Cincinnati Vertical 
duplex surface broaching machine. 
This machine is tooled to broach the 
crankpin bore, the joint face and 
register and form a step. 

From the broaching machine the 


Fig. 21. 


transferred to an Archdale 
ll-station in-line transfer machine, 
Figs. 21 and 22. The work-holding 
fixtures for this machine are arranged 
to hold two right-hand and two left- 
hand rods to give a balanced produc- 
tion in sets. At the first working station, 
a horizontal four-spindle drill unit at 
the left drills a tapping hole through 
the gudgeon pin boss of each rod, 
while a plunge cut horizontal milling 
unit at the right mills the bearing 
retaining slots in the big end half bores 


rods are 


of the right-hand rods. Only one head 
is used at the next station. This is at 
the right of the transfer line, and is a 
plunge cut horizontal milling head for 
milling the bearing retaining slots in 
the two left-hand rods. 

Two heads are used at the third 
working station. ‘That at the right is 
a four spindle horizontal unit for drill- 
ing an oil hole, {in diameter x {in 
deep in each of the big ends, while 
the left-hand head is a_ 12-spindle 
angular drilling unit. It drills two bolt 
holes and counterbores the tapping 
hole in the gudgeon pin boss on each 
of the four rods. Only one head is 
used at the next station. It is an eight- 
spindle horizontal drill unit tooled to 
open out the bolt holes in each of the 
rods. 

At the fifth working station four bolt 
holes are counterbored to clear for 
tapping from a four spindle head on 
one side, while at the other side a 
12-spindle horizontal drill) unit 1s 
tooled to spot face a surface on the 
gudgeon pin boss and countersink two 
holes for tapping on each rod. Only 
a blow-out and gauge unit is mounted 
at the next station. It clears the swarf 
from and checks the depth of the 
tapping holes. At the seventh work- 
ing station there is again only one 
head. It is a 12-spindle horizontal unit 
for tapping one blind bolt hole, one 
through bolt hole and a hole in the 
gudgeon pin boss on each rod. At the 
next station an angular drilling unit at 
the left drills the oil hole through in 
each big end, while the right-hand 
unit blows-out eight holes for final 
tapping. Only one head is used at the 
final working station. It finish taps 
the bolt holes in each rod. 


Eleven-station transfer machine for connecting rods 
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In-line transfer machining is also 
employed in the production of the con- 
necting rod caps. Only three machines 
are used to produce a cap ready for 
assembly to the rod. At the first, the 
cap is milled to width, and at the 
second the bore, the face and other 
clements are machined on a duplex 
vertical surface broaching machine. 
From the broaching machine the caps 
are passed to an Archdale seven-station 
in-line transfer machine. The work- 
holding fixture is arranged to take three 
components. 

At the first working station a six- 
spindle horizontal drill unit drills the 
bolt holes in each cap. These holes 
are opened out at the next station 
where once again only one head is 
employed. At the third working station 
a six spindle horizontal drill unit at the 
left is used for spot facing the bolt 
holes, while a plunge cut milling unit 
at the right mills the bearing retaining 
slot in each cap. The bolt holes are 
countersunk each end from right- and 
left-hand heads at the fourth working 
station, and are then reamed from a 
horizontal unit mounted to the right at 
the final working. station. 

The operation sequence for the 
assembled connecting rod may be dealt 
with briefly. After assembly the rods 
are ground on both sides on a Lumsden 
surface grinder. In Archdale 
double-ended horizontal machine each 
side of the crankpin bore is chamfered. 
The fixture on this machine takes one 
right- and one left-hand rod to be 
machined simultaneously The gudgeon 
pin hole is then opened out on an 
Archdale machine with an indexing- 
table, and a fixture that takes two 
right- and two left-hand rods. There 
is a loading station and two working 
stations. At the first working station 
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Fig. 22. 


the holes are opened out from the size 
drilled on the separate rod and at the 
second they are reamed to a diametral 
tolerance of 0-0005 in. 

double-ended machine with a 
fixture to hold two components at each 
end is used for fine boring both the 
gudgeon pin hole and the crankpin 
bore. ‘These elements are finished to 
size on a four-spindle turret honing 
machine that is arranged to hone two 
crankpin bores and two gudgeon pin 
bores simultaneously. The remaining 
few operations on the assembled con- 
necting rod do not call for comment. 

In the production of the other major 
engine component, the camshaft, there 
is no real break from conventional 
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The loading station for the machine shown in Fig. 21 


machining practice in so far as there 
is no use made of special machines. 
Standard machines are used through- 
out, but attention may be drawn to the 
manner in which multi-tool lathes are 
used to complete the machining with 
the least possible handling. 

Engine assembly follows standard 
Austin practice. That is, the engine 
parts are marshalled in individual sets 
in the stores and are transferred to the 
assembly section on a conveyor, so that 
an operator never needs to leave his 
station to collect the parts he needs. A 
detailed description of the Austin 
assembly system and the methods for 
running in the engines was given in the 
Automobile Engineer for March 1947. 


INSTITUTION OF MECHANICAL 


ENGINEERS 


Forthcoming Meetings of the Automobile Division 


The following meetings will be held 
during March : — 


BIRMINGHAM CENTRE 


Tuesday, 24th March, 6.45 p.m. General 
Meeting in the James Watt Memorial 
Hall, York House, Great Charles Street, 
Birmingham. Paper: ‘“ Some Problems 
Arising from the Wider Use of Small 
Diesel Engines,” by }. H. Pitchford, M.A. 
(Cantab.), MI.Mech.E. 

LUTON CENTRE 
Graduates’ Section 

Wednesday, 18th March, 7.30 p.m. 
Industrial Film Show at the Works of 
W. H. Allen Sons, Ltd., Bedford. 

Thursday, 19th March. 7.30 p.m. Indus- 
trial Film Show at Luton Town Hall. 


NORTH-EASTERN CENTRE 
Wednesday, 18th March, 7.30 p.m. 


General Meeting in the Chemistry Lec- 
ture Theatre, The University, Leeds. 


Address by the Centre Chairman, Pro- 
fessor W. A. Tuplin, D.Sc., M..Mech.E. 


NORTH-WESTERN CENTRE 

Wednesday, 25th March, 6.30 p.m. 
Annual Dinner at The Engineers’ Club, 
Albert Square, Manchester. Address by 
the Charman of the Automobile Division, 
Mr. Maurice Platt, M.Sc. (Sheffield), 
M.1.Mech.E., entitled “ The Changing 
Practice of Automobile Engineering.” 
SCOTTISH CENTRE 

Monday, 16th March, 7.30 p.m. General 
Meeting in the Institution of Engineers 
and Shipbuilders, 39, Elmbank Crescent, 
Glasgow. Paper: “ Research and the En- 
gineering Process with Particular 
Reference to the Automobile Industry,” 
by H. E. Merritt, M.B.E., D.Sc.(Eng.) 
Lond.), M.1.Mech.E., Member of 


Council 
WESTERN CENTRE 


Thursday, 26th March, 6.45 p.m. 


General Meeting in the Grand Hotel, 
Bristol. Paper: “ Research and the Engin- 
eering Process with Particular Reference 
to the Automobile Industry,” by H. E. 
Merritt, M.B.E.,— D.Sc.(Eng.)(Lond.), 
M.1.Mech.E. (Member of Council). 

The following meetings will be held 
during April :— 


LONDON 


Tuesday, 14th April, 5.30 p.m. General 
Meeting at Storey’s Gate, St. James's 
Park, SW.1. Paper: “The Jaguar Engine,” 
by W. M. Heynes, M.I.Mech.E. 


NORTH-EASTERN CENTRE 

Wednesday, 15th April, 7.30 p.m. 
General Meeting in the Chemistry Lecture 
Theatre, The University, Leeds. Paper: 
“ Research and the Engineering Process 
with Particular Reference to the Automo- 
bile Industry,” by H. E. Merritt, M.B.E., 
D.Sc.(Eng.)(Lond.), M.I.Mech.E. (Mem- 
ber of Council). 
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Climbing Ability and 
Power Output 

(Bergsteigfahigkeit und 
Literleistung) 


By Dr.Ing. Wolfgang Flossel. 
Stuttgart: FRANKH’SCHE VERLAGSHAND- 

LUNG. 9} x 6}. 284 pp. 157 illustrations. 

Price DM 25 (1 DM=ls. 8d.) . 

The interaction of engine power out- 
put characteristics with car performance 
requirements, the possibilities offered to 
meet these by alterations to engine 
design, the limits set by the necessity to 
ensure low fuel consumption, are im- 
portant problems dealt with not only on 
engineering but general policy levels. But 
how many engineers have closely con- 
sidered all the variables and their inter- 
action, let alone written a book on this 
subject ? 

This book deals with this very matter 
in a manner which is clear, practically all 
embracing and attractive, not only to the 
theorist and the practising engineer, but 
to the technically appreciative layman as 
well. 

The author deals briefly with the 
various definitions of engine flexibility 
(which he calls elasticity E) and then 
puts forward his own according to which 
E=(T,/T,)(n,/n,) where T,=torque at 
maximum power output, = maximum 
torque and n, and n, the respective 
speeds. Next he deals with the influence 
of various factors on the shape of the 
torque curves of petrol engines and on 
their losses. This is followed by an 
analysis of flexibility and the numerous 
factors affecting it, a subject of great 
importance and absorbing interest to 
engine designers. The development of 
flexibility characteristics since 1905 is 
considered in the light of the require- 
ments stipulated throughout the years by 
various authorities. of these 
requirements were conflicting and a few 
not altogether rational. The flexibility of 
rotary valve engines is dealt with next, 
and these are followed by supercharged 
and two-stroke engines, altogether some 
83 pages being devoted to petrol engines. 

The flexibility of diesel engines is 
analysed along somewhat similar lines, 
the performance data of some 170 engines 
forming the basis for considering the 
various factors affecting the all-important 
E, which is then compared with that of 
petrol engines. Having thus dealt with E 
the author logically proceeds to deal with 
the E requirements of the vehicles and the 
possibility of improving vehicle flexibility 
by suitable design. The effect of E on 
the ability to overcome tractive resistance 
(climbing ability) and acceleration is 
thoroughly dealt with, together with the 
performance ensured by the use of over- 
size engines. Since considerations of this 
kind must be obviously based on a good 
knowledge of tractive resistance data, 
some ten pages are devoted to this some- 
what difficult subject, whilst the next ten 
pages deal with the derivation and applic- 
ation of the flexibility function 
¢=(T,/T,)—[1/(m, /n,)’]. 

It is gratifying to note that the author 
has not neglected the motor cycle, the 
“climbing ability” of which con- 
sidered in a similarly thorough and 
thought-provoking manner. The  con- 
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clusions derived from these investigations 
occupy the last eight pages, whilst an 
appendix dealing with the engine per- 
formance of a number of representative 
vehicles concludes the first part of the 
book, which has 182 pages, and which 
was submitted as thesis for the degree of 
Doctor of Engineering at the Technical 
High School, Stuttgart. 

It is only natural that automobile 
engineers should be interested in the 
performance of other modes of transporta- 
tion, and to meet and encourage this 
demand the second part of the book deals 
with the flexibility of road and rail 
vehicles powered by I.C. engines, steam 
and electricity. As before, the author 
deals with the tractive resistance—this 
time of rail vehicles—in considerable 
detail and then proceeds to analyse the 
flexibility of modern steam locomotives, 
steam turbine locomotives and D.C. and 
A.C, (single phase and three phase) 
locomotives” before reverting to IC. 
engined rail vehicles provided with mech- 
anical, electric or hydraulic transmissions. 
The flexibility of road vehicles powered 
by steam or deriving power from storage 
batteries does not escape the author's 
attention, nor is the trolleybus forgotten, 
either. 

The final chapters deal with overall 
considerations of , the effect of modern 
hydraulic transmissions on flexibility and 
the interdependence of power output per 
unit swept volume (Literleistung) and 
flexibility. Some 25 pages are devoted to 
tables dealing with engine and car data. 
‘They include engine flexibility of modern 
passenger, racing car and lorry engines, 
tractive resistance data and E and @ data 
for a considerable number of motor cycle 
and car engines. ‘The bibliography em- 
braces 133 references. 

The knowledge, erudition and industry 
displayed and the careful study which 
the author has devoted to the subject 
will be apparent from the brief review of 
this excellent and well produced book. 
It must be said that this illuminating and 
thought-provoking book at last closes an 
important gap in the current technical 
literature. It should be studied by 
engineers who have to deal with the 
design of engines and vehicles and 
executives who must make decisions 
affecting their design and operation. 


Vibration Dynamics of Fast 
Road Vehicles 

(Schwingungsdynamik des 
Schnellen Strassenfahrzeugs) 


By Prof. Dr.-Ing. E. Marguard. 
Essen: VERLAG W. GIRARDET. 
6 «8. 228 pp. Price DM 20. 
Even the utle will commend this book 
to automobile engineers and they will not 
be disappointed by its contents. The 
author, Professor at the Technical High 
School at Aachen, has endeavoured to 
improve the art of vehicle design by 
providing the theoretical background for 
the appreciation of vehicle behaviour 
pattern to give the engineer a useful tool 
for rational pre-designing of vehicles. In 

this task he succeeds admirably. 
The raison d’étre of the book is given 
in the introduction. “It is particularly 
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important to a poor country that mental 
and paper work is far less expensive in 
materials and money than, for example, 
the American methods of trial and error. 
Present day conditions are similar to 
those of the years after 1919; then, too, 
it was only possible for the industrially 
poorer countries to hold their own in the 
face of great financial and experimental 
facilities of America by a concentrated 
mental effort. Today and tomorrow con- 
ditions will remain the same.” 

The general problems faced by vehicle 
designers are dealt with to provide the 
necessary foundation. This embraces 
forced vibrations, road obstacles and an 
elucidation of the effect of mathematical 
simplification on the accuracy of final 
determinations. Since the evaluation of 
vibration dynamics of particular vehicles 
requires the knowledge of basic vehicle 
data, these are dealt with next. Details 
are given of experimental determination 
of the location of the centre of gravity, 
tyre and spring (both rubber and steel) 
constants and shock absorber performance 
data. The theory and practical aspects 
of damped vibrations as encountered with 
automobiles is discussed in considerable 
detail and this is followed by a chapter 
on the theory and practice of the deter- 
mination of the moment of inertia of 
components and complete vehicles. A 20- 
page chapter is devoted to the single 
degree of freedom system, followed by 
some 30 pages dealing with two degrees 
of freedom, always with particular refer- 
ence to automobiles. 

Having devoted half of the book to a 
thorough treatment of fundamental con- 
siderations, the author deals in the 
remaining half with natural frequencies 
and resonance ranges of vehicles in three 
planes, and the vibration modes due to 
passage over various types of obstacles. A 
separate chapter is devoted to the landing 
shock experienced by aircraft, which at 
this stage of its progress comes under the 
heading of the book. 

The research problems encountered in 
connection with vehicle vibrations are 
dealt with in considerable detail. Since 
road and rig tests are of great importance, 
the variables involved are discussed, 
together with the design of suitable rigs 
and the testing of scale models. The 
theoretical background of shimmy = as 
developed by de Lavaud, Becker, Fromm 
and Maruhn are next dealt with in some 
detail, and this is followed by a chapter 
on curve passage dynamics and the roll- 
ing stability of aeroplanes road 
vehicles generally. ‘The book concludes 
with an appendix on the approximate 
integration of differential equations. 

The value of the book is enhanced by 
numerous worked out examples and the 
very clear diagrams, and it should be of 
great value to all dealing with the 
important subject of vehicle dynamics. 
The value of the book would be extended 
sull further by devoting some space to 
electro-mechanical analogies, which are 
very useful in the study of complex vibra- 
tion problems, and also by extending the 
bibliography to the many important 
papers published on the subject matter 
of vehicle vibrations outside Germany. 
However, this in no way detracts from the 
value of this excellent book. 
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HYDRAULIC VALVE TAPPETS 
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A Review of Current Practice 


N outstanding difference between 
A American and British practice 1s 
the general adoption of hydraulic 
valve tappets on American engines and 
their apparent lack of favour with 
British designers. This peculiar, 
since in experiment and practice 
hydraulic valve tappets have shown 
marked advantages that cannot be 
obtained by other means, particularly 
on vee and overhead valve engines. 
Modern developments have led to 
the increased use of such engines, 
especially in the U.S.A., and a factor 
of great importance in their design is 


that of valve operation and tappet 
adjustment. This presents a difficult 
problem, particularly vee type 


engines, not merely on account of the 
number of valves but also because it 
is virtually impossible to provide 
simple means of accessibility. 

For a ‘variety of reasons, this ques- 
tion has recently assumed some 
importance on English vehicles with 
engines of diverse construction and 
emplacement on which valve tappet 
adjustment is a very difficult operation. 
An obvious solution is to eliminate the 
need for attention; this, in fact, 1s one 
fundamental reason for the use of 
hydraulic valve tappets. Other technical 
advantages are so many and so pro- 
gressive that it is difficult to envisage 
how hydraulic valve tappet operation 
can be omitted from any conventional 
engine assembly in the near future, 
Their incorporation in the design does 
not entail a multiplicity of parts, nor 
an appreciable increase in production 
costs. 

Development has already been spon- 


sored by Rolls - Royce, Cadillac, 
Packard, Chrysler and other motor 
manufacturers on designs with self- 


adjusting valve tappets of the oil pres- 
sure type. In these, the pressure 1s 
applied behind the tappet end to main- 
tain contact with the valve stem during 
actuation. When the instant of contact 
passes, a port is uncovered to reduce 
the pressure sufficiently to provide a 
minimum clearance to ensure 
that the valve definitely finds 
its seat. 

In addition to 
portant feature, 
valve tappets give other 
advantages, which may te 
summarized as follows: 

1. Automatic adjustment. 

2. Accurate valve timing. 

3 


this im- 
hydraulic 


. Improved engine per- 
formance. 
4. Quiet operation. 
5. Increased durability. 
Considerable ingenuity in 


design has been exercised to 
attain these features in 
specific engines. 


A 


Fig. 2. 


by R. Brown-Waring 


A= hydraulic tappet B= Engine lubrication system 


Fig. 1 Hydraulic tappet on overhead 


valve engine 


To enable the exact function of the 
hydraulic tappet to be appreciated, Figs. 
1 and 2 show typical arrangements for 
overhead valve and vee type engines. 
These illustrations make it clear that 
no particular modifications are in- 
volved in the adoption of hydraulic 
tappets. Their simplicity is exempli- 
fied by the Zero-lash device which is 
shown in Fig. 3. 

In the Zero-lash, oil under pressure 
from the engine lubrication system is 
fed into the tappet assembly A via the 
hole H. The hydraulic unit comprises 
a cylinder B, a plunger ball va've D 
and a plunger spring K. In operation 


engine lubrication system 


tappets B 


hydrau 


Hydraulic valve tappets on vee type engine 


with the face of the tappet on the base 
circle and the engine valve on its seat- 
ing, the spring K lifts the plunger C 
so that the upper end of the plunger 
makes contact with the valve stem. This 
eliminates any clearance whatever in 
the operating mechanism. 

As the plunger moves upwards, the 
volume of the pressure chamber L is 
increased, the fluid pressure moves the 
ball valve D from its seat, and the 
chamber L is completely filled with oil 
lower half of the tappet. As the cam- 
shaft rotates, the cam forces the tappet 
upwards, tending’ thereby’ to 
decrease the volume of the chamber L 
and forcing the ball valve on to its 


seat. Further movement of the cam 
will continue to force the tappet 
upwards, while the oil confined in 


chamber L acts as a member in the 
from the supply chamber J in the 
operating gears; in fact, the engine 
valve is lifted on a column of oil. 

So long as the engine valve is off its 
seat, the column of oil sustains its load, 
and there is a predetermined leakage 
of oil between the plunger C and the 
chamber L. This is necessary to pro- 
vide room for the oil required to fill 
the chamber as soon as the tappet 
leaves the receding flank of the cam to 
contact the base circle. This maintains 
adjustment. 

It should be noted that it is not 
possible for this hydraulic tappet to 
hold the engine valve open when it 
should normally be closed. When the 
tappet is on the base circle of the cam, 
the principal force tending to hold the 
valve open is the pressure exerted by 
the spring K, which is much lighter 
than the force exerted by the spring 
that closes the engine valve. An addi- 
tional force tending to push the plunger 
upwards is that due to the pressure of 
the oil supply to the chamber J formed 
in the tappet. The effect of this is very 
slight, since an oil pressure of 500 Ilb/ 
in* is required to overcome 1001b 
spring pressure. This relationship exists 
because of the small area offered by 
the plunger. 

Another design of 
hydraulic tappet that gives 
automatic adjustment is 
illustrated in Fig. 4. In this 
design the thrust is trans- 
mitted through a_ hydraulic 
cushion, but clearance 
setting device is also intro- 
duced. The engine cam is 
shown at A and the valve 
stem at B; the cam acts on 
cylindrical member C 


which is associated with a 
cup D_ that forms the 
hydraulic chamber. There 


is a clearance hole G in the 
upper portion of D. Through 
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the clearance hole there passes a 
reduced portion of the thrust member 
F in contact with the valve stem B. A 
sleeve, which is a press fit on the end 
of this thrust member, has a_ flange 
that forms an abutment for the spring 
E. Relative movement of the thrust 
member F and the cup D causes the 
flange to seal the clearance hole at the 
top of D, and so completely closes the 
chamber formed by C and D, and 
which is full of oil. 

The cycle of operations begins when 
the cam A starts lifting. Cylinder C, 


Fig. 3. Zero-lash hydraulic tappet 


and with it the cup D, is raised, but the 
thrust member F is held against any 
upward movement by the valve spring 
H. This closes the clearance hole, and 
from then on the oil in the main 
chamber acts as a solid abutment to 
transmit thrust. As soon as the engine 
valve becomes seated and the valve 
spring becomes inoperative, the spring 
E comes into action to force the cup C 
in a downward direction on to the 
base circle of the cam. This opens the 
clearance hole G. If any leakage of oil 
has occurred, or if any adjustment is 
necessary to compensate for tempera- 
ture change, oil is drawn into the 
chamber to restore the original condi- 
tions ready for the next cycle. It will 
be noted that the clearance in the valve 
system may be set at any desired 
amount by adjustment of the distance 
at the cap at G. In addition, the con- 
struction is such that should all the oil 
be lost—a most remote possibility— 
the valves would still be operated. 

A minor problem with all hydraulic 
tappets is the maintenance of oil 
within the tappet, since a very slight 
leakage will affect the instantaneous 
action that is so essential to efficient 
valve actuation. Many devices have 
been introduced for this purpose. An 
outstanding example is the Weather- 
head (U.S.A.) hydraulic valve tappet 
shown in Fig. 5. 

In this, the valve tappet comprises 
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a lower cylinder B with a hardened 
face riding on the cam A, and a hollow 
piston D closed by a hardened cap that 
abuts on to the valve stem H. A suit- 
able relatively incompressible fluid fills 
the cylinder and a reservoir formed by 
a resilient sac C carried in the hollow 
piston. The sac is under the constraint 
of a spring G located between the 
piston cap and a pressure plate seating 
on top of the sac. 

Communication between the cylin- 
ders is by means of a metered orifice in 
the head of the piston D. To give the 
required pressure and for ease of 
manufacture, a relatively large hole in 
the piston head is partly closed by a 
cylindrical plug E, which has a ground 
flat along one side to leave a_ small 
orifice of the required sectional area. 
The piston may be seated in the 
cylinder by means of a ring F of 
rubber or synthetic material unaffected 
by oil or spirit, or alternatively by 
means of a continuous sac with a 
beaded mouth adapted to snap into an 
annular groove formed in the reduced 
end of the piston. 

The Cadillac scheme for hydraulic 
tappets as used on V8 engines is illus- 
trated diagrammatically in Fig. 6. 
These units are arranged in blocks of 
four. They are all supplied under pres- 
sure to the reservoir E, wherefrom any 
bubbles may escape through the 
diagonal upper hole G past the tappet 
guide H into the crankcase. Through 
the lower hole F, oil is led vita the 
vertical passage D into an annular 
groove J in the lifter body C. Thence 
it goes via a further hole into the valve 
lifter. 

As the peak of the engine cam A 
comes into contact with the tappet B, 
the hydraulic plunger K is actuated 
upwards by the springs L to take up 
any clearance between the valve stem 
M and the cam. As the cam revolves, 
the initial pressure developed seats the 
ball valve N, thus trapping oil beneath 
the plunger. The valve is then lifted 


Fig. 5. Weatherhead (U.S.A.) hydraulic 
tappet 


on a column of oil. While the valve is 
off its seat, a slight leakage of oil 
occurs to compensate for any expan- 
sion in the complete valve mechanism. 
The chamber beneath the plunger is 
replenished with oil as the valve closes; 
this eliminates clearance for the next 
cycle. 

A different approach to design in- 
volving automatic tappet adjustment 
has been employed for the Packard 12 
engine. In this instance the hydraulic 
mechanism is constructed as a_ unit 
separate from the valve tappet. It is 
shown in Fig. 7. The engine cam 
operates a tappet rocker H through the 
medium of a roller D. This roller is 


Fig. 4. General Motors hydraulic tappet 


eccentrically mounted, and has a lip 
formed near its pivoting point to make 
contact with an extension piece of the 
piston B, which operates in a cylinder 
attached to the crankcase. 

Movement of the piston is controlled 
by a compression spring K_ housed 
within it. The spring tends to press 
outwards, while motion in the reverse 
direction is resisted by the oil in the 
inner chamber. Since the oil intake 
valve V is mounted in the stationary 
member, movement of the piston does 
not cause sufficient depression to force 
the valve from its seat. For this reason 
a dashpot arrangement is incorporated. 

Oil is fed under pressure to the 
reservoir, from whence it flows to the 
cylinder by gravity only. To ensure 
correct functioning, close limits are 
necessary between the piston and the 
cylinder. The permissible tolerance is 
only plus or minus 0-0001 in. If the oil 
leak be at too great a rate, there is 
noisy operation. On the other hand, if 
leakage is too slow, the engine valve J 
would be off its seat for too long a 
time after passing through a period of 
valve spring disturbance. This mech- 
anism has already proved highly satis- 
factory. By its originality and obvious 
advantages, this construction offers 
possibility for further progress. 

It is perhaps almost unnecessary to 
state that in any hydraulic valve tappet 
application, cleanliness of oil is 
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Cadillac hydraulic tappet 


Fig. 6. 


important. It is essential that all pos- 
sible means be adopted to prevent the 
entry of dirt or air into the adjuster 
units. Originally, it was found from 
experience that up to engine revolu- 
tions in the order of 4,000 per minute, 
hydraulic tappets were highly satisfac- 
tory in their action; above that figure 
there was something lacking in_per- 
formance. ‘The trouble was in part due 
to scuffing, but the general adoption 
of chilled iron tappets in place of steel 
has overcome this difficulty. Now, 
engine speeds do not place any restric- 
tion on the efficiency of hydraulic 
valve tappets. 


RECENT development of interest 
to the engineering industry is the 
Pulsometer process of impregnation for 
the sealing of porous castings. It has 
now been successfully applied to 
bronze, gunmetal, steel, cast iron and 
aluminium castings of all sizes, some 
of which have included highly finished 
intricate engine castings costing hun- 
dreds of pounds. Suction and delivery 
covers of pumps weighing over half a 
ton each have also been treated and 
stand up, after impregnation, to a 
pressure of 1,200 Ib/in*. 

It is interesting to note that the 
process was originally conceived as an 
expedient in the Pulsometer factory for 
the saving of castings which were 
shown to be porous under pressure 
tests. During the war years especially 
when speed as well as efficiency was 
essential, many valuable hours were 


saved by this method whereas if new 
castings had had to be made the dead- 
line in many cases might not have been 
met. 

In response to outside demands, the 
service 


has now been extended to 
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Such is the position of design deve- 
lopment to date, and it may be inforrn- 
ative to draw comparisons between 
hydraulic tappets and manually 
adjusted tappets. There is no doubt 
that with hydraulic tappets, the valve 
time is more accurate and is better 
maintained. With manually adjusted 
tappets the engine valve may leave or 
return to its seat at any instant when 
the cam follower is anywhere along 
the slope of the cam. In consequence, 
alterations in valve uming occur as a 
result of temperature changes. Further- 
more, equality in tappet clearance for 
all valves is practically impossible to 
attain and maintain by manual adjust- 
ment. In contrast, the hydraulic tappet 
will reproduce the exact timing for 
which the cams are designed. It will 
also maintain the timing under ll 
temperature changes on any number 
of valves to give consistent performance 
even when conditions vary. 

Hydraulic tappets can also have an 
appreciable effect on engine perform- 
ance. In fact it has been found that 
with hydraulic tappets the cam con- 
tours can be modified, since no clear- 
ance is required, to give an increased 
engine Output up to as much as 10 per 
cent with uniform performance over 
lengthy periods. Valve opening may be 
more rapid and over a longer period 
than is possible with manually adjusted 
tappets. 

With regard to engine noise, it is 
well known that manually adjusted 


tappets are difficult to set for quiet 
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Fig. 7. 


Packard hydraulic tappet 


running. Indeed, attempts to obtain 
quiet operation may reduce engine 
output or cause rapid valve deteriora- 
tion. Valve contour and _ impact 
between parts separated by clearance 
are other sources of noisy valve oper- 
ation. When hydraulic tappets are used, 
clearance is taken up automatically, 
and axial contact is ensured between 
the parts comprising the valve oper- 
ating assembly. As a result, impact and 
its resultant noises are greatly reduced, 
and the engine will have much 
smoother running characteristics. 


SEALING POROUS CASTINGS 


The Pulsometer Impregnation Process 


enable castings needing attention to be 
received from other engineering firms. 
Through this special process of im- 
pregnation thousands of pounds’ worth 
of ferrous and non-ferrous castings 
have been saved. 

Money and labour can be econ- 
omized if faulty castings can be rescued 
from the scrap heap and valuable time 
saved as otherwise new castings would 
have to be made and the skill and 
research which had gone into highly 
finished and expensive pieces of work 
would be wasted. The Pulsometer 
Engineering Company can now process 
castings at their own factory at Nine 
Elms Iron Works, Reading, or where 
this is impracticable, as in the case of 
overseas firms, they are prepared to 
supply a similar complete impregna- 
tion plant to enable manufacturers to 
carry out the processing direct on the 
spot. 

As a matter of interest they have 
recently received castings from as far 
afield as Finland as a preliminary to the 
installation of impregnating plant there. 
The great value of this particular 


method of impregnation, which is 
A.I.D. approved, is due partly to the 
efficiency of their vacuumizing process 
and partly to the care with which each 
subsequent process is conducted. (2039) 


Register of Motor Industry 


HE fourth post-war edition of the 

above Register, the Red Book, 
incorporating all the additions, amend- 
ments and deletions made to the 1952 
Register, has recently been published, 
The layout remains unaltered and the 
introduction again includes certain 
details of the Distribution Scheme 
under the provisions of which the 
former Blue Book was compiled. 

The Register lists, under town 
alphabetical order, some 25,000 com- 
panies, firms and persons known to be 
bona fide engaged in the motor 
industry and all are classified under 
one or more of forty-nine categories. 

Copies are available from the Regis- 
ters Department of the Society of 
Motor Manufacturers and Traders, 
148, Piccadilly, London, W.1. 
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The high rates of output and the degree of accuracy obtainable on the Churchill 
‘“Fulcro-Sizer’’ Automatic Plain Grinders are a revelation even to those 
accustomed to producing fine tolerance work on a manufacturing basis. 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, MANCHESTER 


Export Sales Organisation : Home Selling Agents 
Associated British Machine Tool Makers, Limited, London, Branches and Agents Charles Churchill & Co. Limited, Birmingham and Branches. 
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WARD No. 2A 
CAPSTAN 
LATHE 


Centres 54 ins. 
Spindle Hole I fins. 
Swing over cross- 

slide 6§ ins. 


CAPSTAN AND 
4 
TURRET LATHES 

Messrs. S. Wolf & Co. Ltd., Pioneer Works, 
Hanger Lane, London, W.5, use the Ward No. 
2A Capstan Lathe for producing, among other 
parts, the intermediate pinions of their well- 
known electric portable drills. The work, which 


is centred, turned, undercut and chamfered, is 
1” dia. x 34” long in annealed steel BSS EN24. 


ARD & CO.LTD 


SELLY OAK 1131 


© _ hese traces give accurate control of quality 


Ferrous stock or manufactured articles such as samples can be examined more closely by technicians 
bolts, springs, etc., can be compared against to interpret the shapes of the patterns in terms of 
known standards of similar dimensions, and hardness, carbon content, flaws, etc. 

differences in chemical or physical properties This instrument can be of considerable value at all 
are immediately indicated by a trace on the stages of production, and we invite you to apply for 
screen of the cathode ray tube. Publication X1357 which contains detailed information 
Where the Sorting Bridge is used for large scale of this remarkable electronic aid. 

production inspection the precise shape of the 

non-standard trace is not so important as its 

height. The instrument can be used by unskilled 

Operators to reject all parts which produce a 

trace that departs from a standard trace or 

exceeds the limits of two horizontal lines marked 

on the face of the cathode ray tube. The rejected 


The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2 
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wish could 
show you ALL the clips 


we make at 


TERRY'S” 


. . . and here are three 
“* specials” 


You’d have a surprise—CLIPS in every possible shape 
i clips. Nos. 80 anc 
and size, CLIPS in steel, bronze, stainless, plated, etc., come 4° to 2° from 


CLIPS for every trade under the sun... and if you exceptionally | good 
drawing board clip— 


want a clip made to specification TERRY’S Research costs 5, - a dozen (inc. 
.), from stock 
Department is there—ready and willing to give you 


the benefit of 96 years’ experience. 


<= /———Want to know all about springs ? 


Here’s a book packed with spring know-how from cover to 
cover — the finest of its kind today. Post free 12 6. 300 


Sole Makers: HERBERT TERRY & SONS LTD., REDDITCH - LONDON -: BIRMINGHAM - MANCHESTER 
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When 
competition's 
keen... 


Through the use of Roneo 

Individual Systems of Recording, 

you can not only reduce waste, but greatly 
improve the output of your organisation 

as well. Whether the problem is one of sales, 
production or administration, you will find 
Roneo recording methods an investment that 
will pay very big dividends indeed. 


z 
foal 


... install 
RECORDING SYSTEMS 


RONEODEX VISIBLE CARD RECORDS + VISUAL CONTROL CMARTS 
VISIBLE STRIP INDEXING +» MACHINE POSTING EQUIPMENT 


Write or ‘phone Roneo Ltd., 17 Southampton Row, London, W.C.1. Telephone: HOLborn 7622 or any Roneo branch for details. 


Specialists in the production of 
carbon and alloy steels for the 
manufacture of ball & roller 
bearing races—gear wheels 
—crank shafts—springs, etc., 
used throughout the auto- 
mobile industry, 


ANDREWS 
TOLEDO 


SHEFFIELD - ENGLAND 
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The Constant Torque 
Larger Inertia Test 
Machine, shown here, 
is used for developing 
linings for heavy com- 
mercial and passenger 
transport vehicles, It is 
by a 75 hp. 


electric motor and uses 


driven 


a specially designed 3- 
shoe non-servo brake, 
operating in a 16 in, 


drum. 


This is one of the many machines installed in the 
Ferodo Test House. It is part of a range of experi- 
mental apparatus designed to reproduce, full scale, 
the most exacting conditions any brake lining may 
meet in road service or in racing use. 

With this apparatus, physical tests to measure and 
record speed, torque, temperature and pressure, 
take but a few hours in the Test House. On the 
road it would take weeks! 

Although their laboratory testing is thorough, 
Ferodo do not omit practical testing under actual 
conditions. They maintain a special fleet of latest 
‘type cars to test materials in action, using the 


TEST HOUSE 


..» WORTH WEEKS ON THE ROAD! 


M.I.R.A. Track. In this way, they check 
characteristics the machines cannot reveal. 

The Ferodo Physical Test Laboratory 1s one of the 
best equipped in the world. Its resources, and 
the services of the technical staff, are freely at the 
disposal of the motor industry. 


BRAKE & CLUTCH LININGS 


FERODO LIMITED CHAPEL-EN-LE-FRITH A Member of the Turner & Newall Organisation 
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Increase your HANDLING efficiency 


By considerably increasing handling efficiency 
““Wedco’’ Conveyors and Woven Wire 
Conveyor Belts are playing an ever increasing 
part in helping the great British Motor 
Industry to combat the steadily growing 
overseas competition. 

More especially does this apply to the 
renowned ‘“*Wedco’’ Woven Wire Belts 
which provide a flexibility in handling that is 
unequalled by any other handling medium. 
They are supplied in a wide range of metals 
including stainless steel and, as well as stand- 
ing up to any amount of hard wear, they will 
operate efficiently in water, oil or chemicals 
and in temperatures ranging from below 
freezing point to 1150°C. Their 


Wiss extremely long life and low 


initial cost make them a most 
economical proposition. 

Send today for our latest 
Catalogues or ask for our local 
Technical Representative tocall. 


THE BRITISH WEDGE 


WIRE COMPANY LTD. 


ACADEMY ST., WARRINGTON 
‘Wedco” Quench Telephone : Warrington 3207 89 


harde in‘ 


Annealing 
arts being quench M.M. Bright w. London Office: 687, Finchley Rd., N.W.2 
Metal ‘bel »ing rece Wo Wire Belt Convey’ Telephone : HAMpstead 2081 /2/3 23 
Furnace >” TECHNICAL REPRESENTATIVES IN ALL AREAS 


Equip with 
KING DICK 


Tool Kits are available 


to suit all the 


popular makes of 


44 
gratia 


cars and commercial 


vehicles. 


ABINGDON WORKS KINGS TYSELEY BIRMINGHAM 11+ ENGLAND 
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Repetition castings must not only reach a given standard; they must 
maintain it. The good name of the engine rests on their complete 
dependability — and this is assured when the castings are in Meehanite 
Metal. Consistency is the key-note. By virtue of the close control which 
the Meehanite method involves, you can be sure of each casting possessing 
the wear resistance and other properties needed, whatever the quantities 
and whether the size is large or small. Our Jobbing Foundry can handle 
larger castings up to 20 tons. 

Why not discuss your next casting requirements with us? 


ASHMORE, BENSON, PEASE & CO. 


(Proprietors: The Power-Gas Corporation, Ltd.) 


STOCKTON-ON-TEES 
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Much of the advantage gained by the use of high quality welding 
equipment can be thrown away—unless you also use top-grade rods 
and fluxes. ALDA rods and fluxes are the finest you can get. 
They include only those materials prepared to the formule of 
B.O.C. metallurgists, or those proved by repeated tests to fulfil 
their specific purpose. All consignments are analysed before issue. 
As a result, you can rely on ALDA rods and fluxes every time— 
for better welds, made more quickly, and with the minimum 
consumption of essential materials. Use ALDA rods and fluxes 
—and get efficiency with economy. 


ALDA 


WELDING RODS & FLUXES 
THE BRITISH OXYGEN COLTD 


FAR LESS TIME AND 
MATERIALS REQUIRED 


FREE 
. and very useful indeed 


The comprehensive Welding 
Guide and aLDA Data Sheet pro- 
vides a list of 54 different rods 
and 21 different fluxes with full 
details of their applications and 
characteristics. 

Also: Six different methods of re- 
moving flux residue, according to 
the types of metal involved. 


WRITE NOW FOR YOUR COPY 


Put YOUR scrap problem 
on OUR plate.... 


and let us solve it for you. 

You will have no disposal 

difficulties if you 

.. USe our 
WORKS SCRAP COLLECTION 


SERVICE 
GEORGE COHEN 


Ons ANWO COMPANY LiMIitTteo 
Telephone: Riverside 4141 - Telegrams: Coborn, Telex, London 


Experts in Scrap since 1834 


BROADWAY CHAMBERS, HAMMERSMITH, LONDON, W.6. 


600 Commercial Rd., E.14 » Bidder St., Canning Town, E16 - Bach Belfast - Birmingham + Hebburn-on-Tyne - Leeds - Luton - Manchester - Morriston, Swansea - Sheffield 


ag /5212/x92 
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108 Spire Speed Nuts are in use 
throughout the new Armstrong-Siddeley Sapphire. 
These nuts make faster, easier assembly — 
and that means a saving of labour and materials. They 
do away with the need for expensive welding, riveting, 
clinching and the use of threaded inserts. And apart from 
functioning better, they save between 50°, and 75°, on weight 
of materials used. Altogether there are over 200 different types 
of Spire Speed Nuts. On the Sapphire, however, these are the 
main types and some of the functions of the parts that 
are used: —SNU Nuts for securing the bonnet hinge to the 
bulkhead; SNJ Nuts for securing the front wings to the 
front pillar; SCL Clips for securing the nameplate; 


SFP Fixes for securing the radio grille to the dashboard; and 


SM/F Grips for securing the front seats to the rear floor. All 


these jobs, and many others besides, can be done 


faster, cheaper and better by Spire. 


Enquiries to: 


SIMMONDS AEROCESSORIES LTD. 


Byron House, 7-8-9 St. James's Street, London, $.W.1. 
Head Office & Works: Treforest, Glamorgan. 
Also BIRMINGHAM, STOCKHOLM, MELBOURNE, SYDNEY, AMSTERDAM & MILAN 


CRC 298 
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RNE RUBBER CO LTD 


EDG 38812:3 
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Illustration shows a vertical progressive induction hardening 
: j machine for improving torque ‘and wear-resisting qualities 
i ~ of carbon steel axle shafts. Machine treats two shafts at a 
time and, when powered by a 125kW 10kc M.G set has 
an output of 60 shafts per hour. 

ri Two such equipments are installed in the Luton Works of Vauxhall 
; a Motors Ltd. to whom our acknowledgements are due 

~ 

¢. 


a LECTR FURNACE COMPANY LIMITED 
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TRADE MARK 


ON-FERROUS CASTINGS 


ACHINED PART 


TUBES. 


: ake their specia 
contribution to every held 
Dittish Engineering 


T. M. BIRKETT & SONS LIMITED - HANLEY - STAFFS 


Phone: Stoke-on-Trent 2184-5-6 IN ASSOCIATION WITH Grams: Birkett. Hanley 


BILLINGTON & NEWTON LIMITED - LONGPORT - STOKE-ON-TRENT 


Phone: Stoke-on-Trent 87303-4 & 88147 ‘Grams: Bronze, Phone, Longport 
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successful business. 


matter’, of tntevest 


There are two kinds of interest. “The one—what one gets periodically in pecuniary gain 
from an investment. The other—what one gives constantly in practical service to one’s 
customers. Our own experience is that the latter type of “interest” can, paradoxically 
create a “capital sum” in terms of increasing goodwill and friendship amongst one’s 
customers, thereby leading to ever-increasing growth of business. 

After all, we are all human, and mutual trust and friendship is a priceless asset in 


FORGEMASTERS. TAFFS WELL 


‘Grams: 


In the “INTAL” factories is to be 
found a team of highly-skilled crafts- 
men who take a pride in the produc- 


tion of Ground Thread Taps to the 
highest standards of precision. A 
thorough inspection is assured by the 
employment of the latest methods 


which ensure perfect accuracy. 


INTAL WORKS 


SOUTH WALES FORGEMASTERS LTD 


GARTH WORKS © TAFFS WELL 


‘Phone: TAFFS WELL 41/2 


CARDIFF 


PRECISION 
Ground Thread 


TAPS 


The name “INTAL” appearing on every 
Ground Thread Tap delivered to you 
is a guarantee of the highest standards 
of precision. Thousands of these high- 
precision Taps leave our works every 
week to carry out the most exacting 
tasks. Remember, we can supply 
“INTAL” Precision Ground Thread 
Taps for every purpose and of any 
size and length, all threads, to cope 
with any particular production problem. 


7o be precise use INTAL 
PRECISION GROUND THREAD TAPS 


THE INTERNATIONAL TWIST DRILL COMPANY. LIMITED _ Telephone 23072 - 3 
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PROPELLER SHAFTS 
AND UNIVERSAL JOINTS 


ARDY SPICER (A Birfield Company), WITTON, BIRMINGHAM, 6 
HARDY SPICER (AUSTRALIA) PTY. LIMITED, SOMERS STREET, BURWOOD, €.13, VICTORIA, AUSTRALIA 
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i gives us to yecord that we are gatistie? with 
your propeller shafts vnicn ve iD yaree numbers qn the Bi. 
i Production of our yeliknow™ coles mopiles and 
re syste™ provides separate motors for each crane operation and 
sequent we use Lare® numbers of your snafts for trans~ 
missio® of rorque from prime mover to generate’ and 
each motor to its approprsere reduction gear: 
we puild cranes 1 ton yarring capacity up — pine 
capacity ani use gary ins numoer § of you 
shafts each» ¢rom up as many as 9 propeller shafts 
yoints are very to ovr pur pose and give 
Sd genera} to the many thousands of coles crane vee 
users qn more than 100 countries tne world: 
you are at yiperty to use this yerter an any way you cnoos®* 
—- JANES F GALES prRECTOR: ly 


FACED. AND CENTRED PER 


Facing 4” off each end and drilling 
centres in 24” diameter Electric Motor 
Shafts in a floor tofloor time of 27 seconds, 
is typical of the high production which 
can be achieved on the— 


HEY No. 3 DOUBLE ENDED 
CENTRING AND FACING MACHINE 


@ Perfect alignment of centres. 
@ True faces and accurate lengths. 
@ Turned finish on faces. 


@ Eliminates subsequent facing down 
to centres or recentring. 


Standard 
3” diameter. 
Faces sak maximum bar 


We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines Multiple 
Drilling Heads and Machines, Tapping 
Machines, Gear Tooth Rounding Mach- 
ines. Special Machine Tools for High 
Production 


Rathbone /1665 


& CASSELL 
E.C.3. Phone ROYAL 4861 


Rathbone 


AUTOMOBILE ENGINEER, March 1953 


— 
NS 
diameter. 
handled 
ENGINEERING CO. LTD. ed 
COVENTRY row conn 
FACTORIES 
| SINCE 1807 
| LLOYDS AVENUE: 


Interesting 
. . . but tough 


Heat-resisting steels are tough and not easily 
deformed even at high temperatures. Dies for 
drop-forging the elaborate shapes of gas turbine 
blades have a pretty hard job of work to do. 
Above are dies being machined at Doncasters 
on a profile copying machine. The lower illus- 
tration shows the beginning of marking-out a 
die block for the drop forging of connecting 
rods. 

Doncasters not only forge and make their own 
dies for drop forging, but supply die blocks to 
the drop forging trade. 


DANIEL DONCASTER & SONS LTD., SHEFFIELD 


FORGINGS DROP FORGINGS © HARDENED STEEL ROLLS - HEAT TREATMENT 
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\ Gasket 


pi ASBESTOS WASHER CO LTO 


LIVERY STREET BIRMINGHAMS. 


TELEPHONE: CENTRAL 1467 TELEGRAMS: COPWASH' 
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The purchase of a Drilling Machine 
involving as it does only small capital outlay, 
is not always given the attention it deserves. Most Machines. 
will serve a purpose, but selecting the right one for the job is important. 


In-built accuracy, reliability, after-sales service—all these must be considered. 


Before you order, investigate the comprehensive “*PACERA™ range. Fully 


illustrated literature is available on request to assist in careful selection and 


if you choose ** PACERA ™ you will be assured of consistent long life service. 


Articulated 
Model 


Model M.B.2. 
Capacity) 


Glass Drilling 
Machine 


Model M B.3 
capacity) 


Pacera Drilling Machines (from 4” to 1) capacity) are manufactured 
at our own up-to-date specialised plant at Slough 


W. J. MEDDINGS LIMITED 


Sales Offices and Showrooms 


BERRECEY STREET, LONDON, Wit 
Telephone MAYFAIR 6417 


Rathbone 
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Every move the passenger makes, every move the 
vehicle makes, and every move you make on 
seating design, affects travelling comfort. 
TE XFOAM and HAIRLOK have been put 
to the most exacting tests under the severest 
operating conditions and have proved 
that seating problems can be overcome 
at the minimum cost. 
We shall be glad to collaborate with you 


on any seating problem. 


IDDESLEIGH HOUSE, CAXTON STREET, LONDON, S.W.1 
Telephone: ABBEY 6722 


From raw material to final assembly rapid and permanent identifica- 
tion will Speed Your production. 

Trade marks, batch numbers, marking to Government specification 
—delicate or deep—can be quickly marked. 

We invite samples made from steel, alloys, plastic, glass, etc., to be 
marked, without obligation, to your specification. 

WRITE FOR FURTHER PARTICULARS & TECHNICAL LITERATURE 


Funditor Ltd 


3, WOODBRIDGE STREET, LONDON, E.C.1 


Telephone: CLErkenwel!l 6155 7 
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SOMERSET 


DUALLOYS LIMITED - BODEN WORKS. CHARD 
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j. P. UDAL 


INTERLOCK WORKS, COURT ROAD, BIRMINGHAM, 12 


Telephone : CALthorpe 3114 


and £4000 damages 


retarded by slow guard operation is a 
menace to himself and to you. 


tempted to expose himself to danger and 


Fortunately, the ‘Fastrip’ Synchronised Guard 
ensures the highest standard of safety 
without impeding production. 


details to-day. 


A press operator whose earnings are 


He is 


may involve you in heavy damages. 


Send for full 


PRESS GUARDS 


Number Eleven 


anti-friction metal 
SETS THE STANDARD FOR THE WORLD 


A tull information service on all matters 
relating to plain bearings is available to 
you without obligation. Write to: 


Telephone : Vandyke 6061 (PBX) 


BABBITT - SOLDER 


and provides a speedy and con- 
venient means of producing sheet- 
forming press tools and stretching 
dies. 

Tools can be produced in Kirksite at 
a fraction of the cost of similar tools 
in steel or cast iron. The more in- 


KIRKSITE ‘A’ 


replaces 
CAST IRON OR STEEL 


tricate the tool the greater the saving. 
Furnished in ingots or as castings 
from customers’ own patterns. 

Rolled Kirksite “A” Metal : is also 
available in sheets upto 4 in. thick- 
ness suitable for the manufacture of 


blanking dies. 


WRITE NOW 


HOYT ENGINEERS’ 
AND BUYERS’ GUIDE 
free publication 
containing full details 
of all our products 
and services. 


detail ; 


FOR THESE PUBLICATIONS 


HOYT BOOK ON THE LINED BEARING 
A unique publication. 
Babbitting methods in full 
also contains notes on 
Fitting,’ 
Price 3/6d. post free. 


etc. 128 pages. 


“BRONZE 


THE HOYT METAL COMPANY of GT. BRITAIN LTD. 


DEODAR ROAD, LONDON, S.W.15 
Profanity, Wesphone, London 


Telegrams : 


KIRKSITE 


ZINC BASE ALLOYS - 


FUSIBLE METAL ETC. 


100 
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Put your dritling on a -—— 
fully economical footing. V4 

This chart shows how you 

can reduce costa and 

increase produrtion.@ 

With ASBO Infinitely Variable Speed 
machines it is a simple matter to 
select the speed which ensures mart- 
mum duty from the drill whatever 
the material. Other consequent ad- 
vantages are savings in power and 
ftonger tool life. No betta to change; 
ease of operation enables more out- 
put without fatigue. Please ask us 
to send you further details. 


INFINITELY VARIABLE HIGH-SPEED DRILLING MACHINES 


AGENTS LEO C. STEINLE LIMITED a 
SOLE DISTRIBUTORS GREAT BRITAIN 


BURTON GRIFFITHS & GO. LTD. MARSTON GREEN, BIRMINGHAM 
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the “‘machine tool”’ 
approach 


BIRLEC automatic high frequency 


Alternative methods provide for hardening :— 


(a) the complete tooth 
(b) the tooth contour 
(c) the flanks and root only. 


The installation may be placed directly in 
the machine line and gives rapid, uniform 
production without skilled operation. 


a 
induction heating machines can be 
supplied for hardening the teeth of 
certain types of gear-wheels, greatly 
reducing distortion and surface defects. 
b 


BIRLEC LIMITED 
INDUCTION 
HEATING ERDINGTON - BIRMINGHAM 24 
Sales and service offices in LONDON, SHEFFIELD and GLASGOW 


DIVISION 


ASSOCIATED The following books are obtainable at leading booksellers everywhere or by post from 
the address below. Remittances from overseas should be made by money order or Bank Draft 


| LI F F E in sterling on London out of a registered account, as British currency notes cannot be accepted. 


TECHNICAL BOOKS Complete list of titles sent free on request. 


THE MOTOR VEHICLE = (ith Edition) 

By K. Newton, M.c., B.SC., A.C.G.I., A.M.INST.C.E., M.I.MECH.E, and W. Steeds, 0.B.E., B.SC., A.C.G.I1., 
M.I.MECH.E. A standard work covering authoritatively the most recent advances in automobile design. The 
high-speed compression-ignition engine, which now has a virtual monopoly of heavy goods and passenger 
transport (and continues to widen its influence), is described in much detail, and the present state of the gas 
turbine as applied to road vehicles is also discussed. Other chapters are devoted to fuels for petrol and diesel 
engines ; to independent suspension and frameless chassis construction; to multi-wheeled vehicles ; to 
sleeve valve, Cross and Aspin engines, and to various types of two-stroke engine. The book is comprehen- 


sively illustrated with 528 photographs and diagrams. 
35s. net. By post 36s. Id. 


AUTOMOBILE ELECTRICAL EQUIPMENT (4th Edition) 

By A. P. Young, 0.B.£., M.1.E.E., M.I.MECH.E., and L. Griffiths, M.I.MECH.E., A.M.1.E.E. A complete survey 
of electric lighting, starting and ignition as applied to the internal combustion engine. This completely 
revised edition contains a large amount of entirely new material with many additional illustrations. Among 
the more recent developments described in detail are radio interference suppressors for motor vehicles, modern 
sealed-beam headlamps and fluorescent lighting. Starting with a lucid explanation of basic electrical theory, 
the book goes on to cover the vehicle’s electrical equipment as a whole and then examines each of the 
various types of dynamo, starting motor, battery, lighting and ignition systems in current use. 

25s. net. By post 25s. 8d. 


STREET, S.E.I 


DORSET HOUSE, STAMFORD 
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Positive 


brake linkage... 


. . ensures more positive braking, and the 

M.M.D. Spring Loaded Clevis 

Joint is the finest solution to the 

problems of ‘‘sloppy’’ brake linkage and 

repeated adjustment. Wear, 

slack and rattle on all mechanically- 

operated linkages can be eliminated 

throughout the life of the car with the aid of 

this rationalized clevis joint.  Avail- 

able to suit all requirements of the Motor 
Industry. 


MIDLAND MECHANICAL DEVELOPMENTS LTD. 
PARKER STREET WORKS - PARKER STREET ~ BIRMINGHAM 16 


RaW, 
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Iwo good reasons why... 


What a versatile little fastener is the RIVNUT! It can be used 


as a blind rivet, or | nut plate, or both. Upset with 


a simple tool entirely from one side of the work, this tubular rivet 
is threaded internally to provide an additional firm anchorage to whic 


further attachments may be made, The 


4 RIVNUP can also be upset inside thick materials 


like wood and plastics to provide a tapped 
hole. Standard Rivnuts are made from 
light alloy in flat head and 90° countersunk 


styles, in sizes from 4 B.A. to B.S.P. 


The RIVNUT 
booklet gives you full 
details of this fastener 
and its many applications 
You can obtain a copy, free 
by write to Linread Ltd., 
Dept. BO Cox Street 
Birmingham, 


THE NEW BLIND SCREW FASTENING SYSTEM 
LINREAD LIMITED + COX ST + BIRMINGHAM 5 


they’re WHITEHEART Malleable IRON 
CASTINGS . . . prime products of a 
first-class foundry. Superlatively 
moulded and sound as_ they 
come. Let us have your 
enquiries, 


WIGGIN 


WHITEHEART 


IRON CASTINGS 


J. & J. WIGGIN LTD. 
Woodhall St., Bloxwich 
STAFFS. 
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how SUPERFINISH 


insures bearing life 


Superfinish removes all surface defects such 
as grit scratches, feed spirals and the soft 
“smear metal” caused by grinding heat, 
and having removed the faulty layer gets 
down to metal of the desired Structure and 
hardness. At the same time, it produces a 
more nearly perfect feometrical form which 
Supports a more efficient oil film for 
lubrication. There are NO projecting defects to 
churn the oil film or Cause metallic contact. 


Load carrying capacity is substantially 
increased by Superfinishing, And bearing 
life is greatly prolonged. 


you should know the facts about 


ise you to know what If you have not 
inishi sally is. It can we 
indi copy of this authoritative 
ndin copy | 

a ses, th « | 
operations as on your 
neeer' lapping and polishing. letterhead. 


DEVONSHIRE HOUSE, VICARAGE 


a BATTERSFA LONDC Swi 
GASTON E. MARBAIX LTD 
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how SURFACE pEFECTS 
smpair earing opera ion | 
No matter how smooth 4 ground uta 
surface May appear. examination will 
reveal imperfections in the form of 
grinder scratches and ridges: feed iy 
spirals, chatter marks and partially 7 
contact, these minute peaksand ripples 
interlock with the mating surface of ance dimensions and : a ae 
the pearing, tending to rupture the Photo above shows 
protective oil film. Fragmented metal scratched and galled 
js torn from surfaces mix with stopped rotation bY 
jubricant and cause abrasive wear, tal. 
ge 
INISHING! 
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PLASTICS 


for Aztecs 


to Zulus 
Now many are the custom 

Whom we supply with plast 

From Picts and Scots and Men of Aem 


to Eskimos and Aztecs. 


The M.O.S, ana C.V.A, 
Our list of names embrace 
While Vauxhall, Ford and A.C. Sphinx 


Have put us through our paces. 


WURPHY too and REGENIONE 
And others we can’t rhyme, 
know that moulded parts 
Will stand the test of time. 


We make a lot of plastic parts 
For Messrs. FRIGIDAIRE 
Whose ‘frigerators’ 

Keep food frevh 


And tasty everywhere, 


Our list of names include for a sure way out 


The G.P.O. and ARROW SWITCHES, 
ELCO Clocks and GOBLIN too, 


ind RICHARD CRIT of a fixing problem 


Which is 


all we've room to menttor 

In the space that we're allowed — 
But quite enough to prove 

That EKCO PLASTICS 

Do you proud 


FOR PLASTICS tt 
CONSULT .... EKCO AMEN E 


¥% Send for our fully illustrated brochure 


entitled ‘ Plastics for Industry.’ 


CARR FASTENER CO. LTD. 
Members of the British Plastics Federation Stapleford, Nottingham. Tel: Sandiacre 2234 
Also: London, Birmingham, and Manchester 


—E. K. COLE LTD. SOUTHEND-ON-SEA ESSEX 
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Two outstanding The 
Vickers-Armstrongs | 
British 


Stratosphere Chamber 
Achievements ... 


PHOTOGRAPHS BY COURTESY OF VICKERS-ARMSTRONGS LTD 
WEYBRIDGE, SURREY 


For this impressive structure—the largest of its kind 
in the world HOLDTITE Adhesives were chosen as being 
the best answer to problems which were very likely unique 
in contemporary constructional engineering practice. 
Capable of reproducing various atmospheric conditions, 
including low or high temperatures and pressures, this 
Stratosphere Chamber called for reliable thermal insula- 
tion bonded by adhesives with great elasticity and 
dependable ageing properties. The bonding had to stand 
up to many variations in temperature and to extreme 
vibration. That HOLDTITE Adhesives were used 
exclusively is convincing proof of their superiority. 


Whether the job is difficult or simple, experimental or 
commercial—we can provide the right adhesive to do it 
reliably and efficiently. Apply for details of our wide range 
of adhesives for the Aircraft, Automobile and other 
industries, without obligation. You are also invited to send 
samples of materials to be bonded, we will then advise the 
best adhesive to use. 


OL DEIT'E 
SURRIDGE’S PATENTS LTD. 


CROYDON ROAD BECKENHAM KENT Telephone: Beckenham 0168 


The thermal insulation chosen for the Vickers- 
Armstrongs Stratosphere Chamber was 
Onazote, the expanded ebonite product of 
the Expanded Rubber Co. This insulation 
was bonded and fixed into position entirely 
with HOLDTITE Adhesives. For the high 
density pads below the cradle and stanchions 
HOLDTITE Black G.P. Cement was used, 
whilst a HOLDTITE Latex Cement Compo- 
sition was employed for the walls, roofs and 
main flooring. 


NEW WORKS 
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HE ZINC ALLOY DIE CASTERS ASSOCIATION 
includes all the leading zinc alloy die casters in the U.K. 
The Association and its Members welcome all enquiries on 
the properties, design and application of the castings. Prob- 
lems are submitted anonymously to the experts on its 
Technical Committee whose verdict is impartial. A list of 
publications will be sent on request. Enquiries regarding 
the supply of castings should be sent to Members whose 
names are given below. The Association is a non-trading 
body and is in no way concerned with any questions of price. 
FULL MEMBERS Firms mainly engaged in the pro- 
duction of castings for general sale. 


ADVANCED PRESSURE DIE 
CASTING CO. LTD., BIRM- 
INGHAM 

ALLOY PRESSURE DIE PRO- 
DUCTS LTD., WILLENHALL. 
THOMAS ASHWORTH & CO. 
LTD, BURNLEY 

AVON DIECASTING CO. LTD., 
BIRMINGHAM 


BIRMINGHAM AL 
CASTING 1903) CC LTD., 
BIRMINGHAM 


BRITISH DIE CASTING & 
ENG, CO. LTD., LONDON. 
CHASE NON-FERROUS 
METAL CO. LTD., ENFIELD. 
IE CASTING SHINE 
POOLS LOND 


IYSON & CO ENFIELD 
TD., ENFIEL 
RY'S 


IND 
WILLS PRESSURE CASTINGS, 
BIRMINGHAM 


I 
L 


ASSOCIATE MEMBERS 


JOHN IRELAND 
HAMPTON) 
HAMPTON 

ACKSON, HEYWOOD & CO. 
WHITEFIELD, nr. 
MANCHESTER 

KAYE LOY CASTINGS 
LTD., BIRMINGHAM 
METAL CASTINGS LTD., 
WORCESTER 

ORB ENGINEERING WORKS 
LTD., MANCHESTER 
PATENT DIE-CASTINGS CO. 
LTD., LONDON 

SPARKLETS LTD., LONDON 
STREBOR DIECASTING CO 
LTD., RADCLIFFE, LANCS 
UNIVERSAL ENGINEERING 
CO., NOTTINGHAM 
WESTERN DIECASTING LTD., 
BRISTOL 5. 
WOLVERHAMPTON DIE- 
CASTING CO. LTD., WOL- 
VERHAMPTON 


Firms mainly engaged in 


the production of castings for use in their own products. 


ACME WRINGERS' LTD., 
GLASGOW 

-SPHINX PLUG CO, 
DUNSTABI 
ARMSTRONG'S PATENTS CO 
LTD., BEVERLEY, YORK 
SHIRE 
Ww. & T. AVERY LTD., BIR- 
MINGHAM 
ETCHLEY ENGINEERING 
CO. LTD., SLOUGH 
PHOMSON-HOUS 
TON CO. LTD, BIRMINGHAM 
WM. COULTHARD & CO, 
LTD, CARLISLE 


EVERED & CO. LTD., SMETH- 
WICK 


CHARLES HILL & CO. LTD., 
BIRMINGHAM 


INGALL, PARSONS, CLIVE & 
CO. BIRMINGHAM 
ARCHIBALD KENRICK 
& SONS LITD., WEST BROM 
WigH. 


LAN-BAR LTD.,BIRMINGHAM 


JOSEPH LUCAS LTD, BIR 
MINGHAM. 


MECCANO LTD., LIVERPOOL 


METTOY CO. LTD., NORTH 
AMPTON. 

PHILLIPS & CROSS 
BIRMINGHAM 


RAWLINGS MANUFACTUR 
ING CO. LTD., LONDON 


SHAW FOUNDRY CO., WIL- 
LENHALL. 


ENGINEERING 
LTD STANMORE, 
MIDDL ESEX. 


r. A. L. DEVELOPMENTS 
LTD., LONDON 


IERS (WALSALL) LTD. 
ALL 


ALE & TOWNE MANUFAC 
‘URING CO., WILLENHALL 


Zavea) 


ZINC ALLOY DIE CASTERS ASSOGIATION 


Lincoln House, Turl Street, Oxford. Telephone Oxford 48088 
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Wherever G.E.C. ‘‘Fractionals” are 

at work, the factory buzzes like bees in 

a field of clover. No snags, no breakdowns, 
thanks to the reliable G.E.C. pedigree of 
these busy-bees. If you want your factory 
to be a hive of industry, you'd better 


instal G.E.C. “Fractionals’’. 


Fractionals 


THE GENERAL ELECTRIC CO., LTD., 
MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 
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The majority of high production 
Automobile Plants now specify the 


HEENAN-DYNAMATIC 


Ferguson Tractor Assembly Track 


VARIABLE-SPEED COUPLING 


for their Conveyor and Assembly Track Drives 


in preference to older conventional drives 


CENTRAL PANEL 

CONTROLLING 

10 CONVEYORS AND Some of the advantages of this simple and reliable equipment are :— 

3 ASSEMBLY TRACKS 

CENTRAL DIAL 

INDICATES Smooth take-up of drive—no additional cushioning required. 
TRACTORS Infinitely variable speed. 

PER 
HOUR 


Obviates variable-speed gearboxes and consequent belt or chain drives. 


Speed setting changed instantly whilst conveyor is running or stationary. 
Set speed held constant irrespective of load changes. 


e Synchronisation of complex conveyor and assembly track systems with 
central control. 


Photograph by the courtesy of 


OE SEONG MOTOR CO. LTD. Equalisation of motor load on multiple drive extended conveyors. 
6 Overload protection obviating shearpins. 


Remote control from a convenient central station. 


N Details supplied on request. 


HEENAN & FROUDE LTD. WORCESTER 


Telephone: WORCESTER 3391 (5 lines) Telegrams: HEENAN, WORCESTER 
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Why B.S.A. supply 
25% the world’s 
motor cycles 


The reason is attention to detail... the detail of design 
... detail of material... detail of finish detail of 


PACKING. During long journeys overseas, engines and 
gear boxes especially need protection against dirt and grit. 
BSAJs Export Packing Department use Permacel Tapes 
for this purpose, 

There are Permacel Cloth or Crepe Paper Masking Tapes 
for every job which requires masking before painting, ot 
protecting during transit. They stick instantly and firmly to 
any surface. They suit the smoothest and the most irregular 


And they always come away easily and cleanly. 
Permacel Crepe Paper Masking Tapes are ‘Double- 


Bonded’. This Johnson and 


Johnson proces permanently 


honds the adhesive to the 


backmue material. All Permacel 
Masking Tapes are, of course, 
unaffected by the chemicals 
and solvents normally used 


in paints and dopes 


TRACE MARK 


CLOTH AND "DOUBLE BONDED’ CREPE PAPER MASKING TAPES 


(GY BRITAIN) LTO f SLOUGH, BUCKS 


samples and quotations t 
/ 


P.V.C. WING PIPINGS, as supplied to leading motor 
manufacturers and body builders at home and abroad, 
have proved that plastic materials survive the severest 
tests. Whether as standard fittings used as wheel arch 
pipings or specially designed joint mouldings our sections 
are guaranteed to meet your particular requirements. 
Extrusions are our business — not just a department. 


Please write for brochure on extrusions for the motor industry. 


C. & C. MARSHALL LTD. 


PLASTRIP HOUSE 
OAKLEIGH ROAD NORTH, LONDON, N.20 


Telephone: Hillside 5041 (3 lines) Cables: Tufflex, London 
Telegrams: Tufflex, Norfinch, London 


ASSOCIATED 


ILIFFE 


TECHNICAL BOOKS Ff 


AUTOMOBILE 
CHASSIS DESIGN 


2nd Edition. 


This volume, by R. Dean Averns, provides a 
comprehensive survey of all the fundamental aspects of 
automobile design apart from the prime mover. The 
greatly-enlarged second edition contains new chapters 
on the techniques of independent suspension and chassis- 
less construction, together with much new material on 
methods of stress measurement, anti-corrosive treat- 
ment of metals, road spring design and streamlining. 
Much of the emphasis is on problems of the heavy 
commercial or public service vehicle, but in general the 
work is equally applicable to the lighter field of car design. 

Contents include: Vehicle Performance — Vehicle 
Suspension—Elements of Independent Suspension 
Front Axles--Steering Vehicle Braking and 
Performance-The Frame —Chassisless Construction 
Measurement of Stress--Materials Anti-corrosion Treat- 
ment-—Road Springs--The Transmission—-The Gearbox 

Rear Axles—The Differential _ The Chassis. 


30s. net. By post 30s. 8d. 
Published for AUTOMOBILE ENGINEER 


Obtainable from all booksellers or from: 


DORSET HOUSE, STAMFORD ST., LONDON, S.E.:. 
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HARPER quality 


Valve-covers for the 
famous Alvis engine are 
high-grade Harper cast- 
ings, supplied enamelled 
and finish machined in 
the tradition of Harper 


quality. 


HARPER 
CASTINGS 


Harper quality covers iron castings, and 
also metal pressings, machining, enamel- 
ling and other finishes and sub-assembly 
work. 


JOHN HARPER & CO. LTD. JOHN HARPER (MEEHANITE) LTD. 


acs 
» C4 
y ALBION WORKS Phone: WILLENHALL 124 (5 lines) Grams: HARPERS, WILLENHALL WILLENHALL 


A 
r 4 
oven x LONDON OFFICE: SEAFORTH PLACE, 57, BUCKINGHAM GATE, LONDON S.W.1_ Tel.: TATE GALLERY 0286 
H.277 
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ANEW GLASS ROOF The foard 


Drafting Machine 
stamps your draw- 
ing office as 
EFFICIENT. ‘' Made 
of steel tube with 
adjustable  ball- 
bearings. The main 
angles are  locatec 
automatically, inter- 
mediate angles by 
lock. Scales have in- 
laid celluloid edges 
and are divided to 
order on two edges. 
A new model is now in 


course of production and 
will be ready shortly. 


THE MAVITTA 
DRAFTING MACHINES LTD. 


Highlands Road, 
SHIRLEY, Nr. Birmingham 


Telephone : SOLihull 2231/2 


MAVITTA 


DRAFTING MACHINES 


Write for Details of the new Major Machine for use on boards 
Size 84” x 44” and upwards 


WHILE PRODUCTIO 


GOES ON 


You may fully recognize what a great help reglazing 
can be to production, by giving more daylight, yet hesitate to : : oe Yee 
commission this work because you fear it may involve e r 
considerable loss of production time. If this is your fear, delay ne 
no longer—as we can carry out the whole of your re-roofing : 


without stopping or slowing down your production for a single 


wee ae BRIGHT STEEL BARS 


HEYWOODS 


W. H. HEYWOOD & CO. LTD., 


HUDDERSFIELD. Tel. 6594 (5 lines) KIRKSTALL FORGE ENGINEERING L1D., LEEDS § 


Telephone Horsforth 2821 


Branches at London, Manchester, Newcastie-on-Tyne, Belfast, Dublin, Leicester, 


Liverpool, Birmingham = Bristol, Plymouth, Nottingham, Glasgow and Edinburgh. 
ndh 787 
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“*Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 


be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 
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When the problem is 
sealing, consult. 


/ 


IT’S ALRIGHT FOR PUDDINGS—BUT IN THE CASE 
OF ENGINEERING COMPONENTS IT’S DIFFERENT 
—TRIAL & ERROR WON'T DO—THE INFALLIBLE 
TEST FOR HIDDEN FLAWS IS THE 


FEL ELECTRIC 


ELECTRO-MAGNETIC CRACK DETECTORS 


Send for 
Catalogue 


Fet ELEcTRICL? 


41 SIDNEY ST., SHEFFIELD, |. 


ANY 


0 E Bu. mechanical 


jointing engineers with 45 years of continuous 
research and practical application behind them 


CASKETS 
WASHERS 


A N D 5 H | M 9 Cornelis Type V.H. Thread Generating Machine cuts production 
time. 

This new precision high production Machine is the perfect answer 
for makers of aircraft, machine tool, motor car, and instrument 
parts. It is the result of 55 years’ experience in the manufacture 


of thread generating machines. 
a Fully Automatic, easily operated, quickly adjusted, produces any 
MEC aS thread and eliminates indexing with multi-start threads. One 
aa : leading machine tool manufacturer using one of these machines 


has reduced the production time of threaded components by 


LIVERPOOL RD - SLOUGH - BUCKS 25°,,. Full details available on request. 
Telephone: 2373/5 }.B. MACHINE TOOL CO. LTD. 
FOR GASKETS - WASHERS - LAMINATED SHIMS - FILTERS - PRESSWORK 312-314 Bradford Street, Birmingham 5, England. 


CABLES: “JABEMACHIN "' TEL: MID 4375-6 


Cogent 
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Coke Ovens at the Margam Works of 
The Steel Company of Wales Limited, Port Talbot 


O produce the extra coke required for the newly built and bigger 

Blast Furnaces at Margam Works, 90 new ovens have been 
installed. Together with the 54 ovens erected in 1939 these produce 
15,000 tons of coke per week requiring some 22,000 tons per week 
of coking coal from the local Welsh Valleys. Coke Oven gas from this 
plant is used for heating purposes in the Margam and Abbey Works 
and a substantial amount is also supplied to the Wales Gas Board 
for use in the surrounding area. 


HOME SALES EXPORT SALES 
(Mild Steel Flat Rolled Products) ; ’ (Mild Steel Flat Rolled Products) 
RTSC HOME SALES LIMITED I RTSC EXPORTS LIMITED 
47 PARK STREET, LONDON, W.1 | 47 PARK STREET, LONDON, W.1 
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ADAMS BROS. 


Success in our business depends 
largely on versatility, and we 
think we have achieved it. Our 
range of products is a wide 
one—from an All Metal House 
to a Microphone Crystal Holder. 
Our research and Development 


Department is available to the 


trade for assisting in the design of 


products to give the most 


economic method of production, 


and finishing, from our self 


contained factory. 


Give us the opportunity of 


quoting for your pressings and 


fabrications. 


METAL 


Elmgrove Road, Harrow, Middlesex 


Telephone: Harrow 6411 (5 lines). 


& BURNLEY LTD. 


cut by 
LW 80/--- 


Vertical vibration adds a heavy load to bearings, 
shortening the life of a machine. Experiments prove 
that the Croid-Cooper method of machinery installation 
can cut vertical vibration by more than 80%. A firm 
foundation is secured in a matter of minutes, without 
damage to floors. 


CROID 65 
MACHINE FIXING GLUE 


COOPERS 


No bolts or grouting, and the felt base 
is highly resistant to heat and acid. 
Send for details to-day. 

Please send enquiries to: 

Head Office & Works: Cooper & Co., (B’ham). Ltd. 

Brynmawr, Breconshire 

Tel: Brynmawr, 312 Grams: Felting Brynmawr. 


Registered Office & Works: Little King St. B'ham. 


a | Vertical Vibration 


L.N.D. certainly knows what he 
istalking about. Lewisof Redditch - 
design springs to do just the job 

you want, and they turn them LEAVE ‘7 Tg 

out from top quality materials 


so that they will laste as long as >> 
your product. Ie might be worth yl 


| 
while to have a word with us, CO OK REQO/ITCH 


don't you think? 
Estab. 1919 A.1.D. approved. 


THE LEWIS SPRING CO., LTD., RESILIENT WORKS, REDDITCH 
Telephone : REDDITCH 720/1/2. 
LONDON OFFICE: 321 HIGH HOLBORN, W.C.1 
Telephone : HOLBORN 7479 & 7470 
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“QUEEN MARY” 
Tonnage: 81,237 
Length : 1,019 fe. 
Passengers : 1,970 
Crew : 1,280 


CROMARD—+the cylinder Liner that 


uses chromium and defeats wear for 
100,000 miles—AND MORE 


-They just keep running. “Queen Mary” or Cromard, each gives 
service that scorns mere mileage. Once fitted inside the engine, the hard 
chromed steel working service of the Cromard liner resists wear and 
corrosion indefinitely. Owners are regularly obtaining mileages more than 
equal to 50 Atlantic crossings without their vehicles having to go into dock. 


Sole Concessionaires: 


LAYSTALL CROMARD LIMITED (Cromard Sales) 
Head Office: 53, Great Suffolk Street, London, S.E.1 Telephone: WATerloo 6141 


Northern Branch: 63, St. Anne Street, Liverpool, 3 Telephone: Liverpool North 0178 
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a first class performance 


Wherever performance is of 
vital importance, it is safer to 
specify Weston Oil Seals before- 
hand... to make certain of 
a first class performance. 


it is always safer to fit 


WESTON OIL SEALS 


Write or phone for full information to :— 


BIRMINGHAM 
MIDLAND 6952 


CUMRLES WESTON ECOLTD BANE WOK 
PENDLETON SALFORD PERDLETON 


P.2g2t 


LONDON 
HOLBORN 0414 
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MARK 
PRECISION TORQUE 


The latest development 
in Torque control 

The ACRATORK spanne 
fully automatic. It can be 
used by unskilled labour 
with precision results. With 
ACRATORK itis impossible 
toexceed the pre-set torque 


Test and ise 
Setting rigs for _ load and its accuracy is un- 
all types of affected by side loads. _ 

Torque Eight standard models 


Spanners to suit a wide range of 


applications for loads up to 
250 Ibs./ft. Larger models 
supplied to special ord 


World Distributors 


CORY BROTHER 
& CO. LTD 


Cory s'Buildings, Cardiff 


Protected by 
British and 
Foreign Patents 


Telephone: Cardiff 31141 


AMAL LTD - HOLDFORD ROAD - WITTON - BIRMINGHAM 
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y ; 
uses of ‘*Trubrite’’ Stainless Steel in the form of Cold Rolled Strip and 
Wire, quite apart from the already well established uses of Brigh 
Mild Carbon Steel Strip, Bright Steel Bars and High Strain aoe 
with which we have for so long the confidence | 


Phone : Sheffield 36931 (10 lines). 
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Radiator 


We have had considerable experience in the 
economic production of radiator grilles in square 
or diamond wire mesh, and indeed for ten years 
we supplied the needs of one of the biggest 
companies in the trade. The above illustration 
reproduced by courtesy of Ford Motor Company 
Ltd. shows a typical example. We invite your 
enquiries for radiator grilles and other repetition 
wire panel work. 


MOSS’ WIRE MILLS LTD 


123 Greenwich South Street, London, S.£. 10. Tel.: TIOEWAY 3281 


REQUIREMENTS 


_ Carobronze thin-walled 
tubing for thin-walled 


king-pin bushes 


—of course 


© ECONOMY IN METAL 
ECONOMY IN MACHINING 


combined with 


HIGH LOAD CAPACITY 
MAXIMUM RES'ISTANCE TO WEAR 
EXCELLENT PHYSICAL PROPERTIES 


CAROBRONZE BRAND COLD DRAWN 
PHOSPHOR BRONZE TUBING 


CAROBRONZE LTD. Telephone : 
School Road, CHiswick 0245 
Belmont Road, Telegrams: 


London, W.4. Carobronce-Chisk, London 


Faulty ignition, indifferent lighting, inefficient 
charging, all cause delay and consequent loss 
of money. At the first sign of any of these 
danger signals, do the wise thing, have your 
truck rewired with AERIALITE, the Safe, 
Dependable Auto Cable. 


AERIALITE LTD., STALYBRIDGE, Cheshire 


ERIALITE 


T 


dm MWI0 | Safe, Dep endable 
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in any of the specialised spheres of modern 
technology demands 


Consolidated Knowledge 


Specialist’s Ability 
= Solid Practical Experience 


All these qualities are demanded, for 
example, in the many industrial applications 
of PHOSPHATE COATINGS, for 
protection against corrosion, for bonding 
paint to metal surfaces, for reducing wear O+ 
moving parts, and for assisting the cold 


working. of metals. 


After TWENTY-FIVE YEARS’ experience 
in Britain with our PARKERIZING, 
BONDERIZING and other Processes, 
(twenty-two of them all together) we are 
fully qualified in this important field. We 
have the knowledge and the ability to 
provide you with the most practical and 


economic answers to your phosphating 


needs. Call upon us for advice. 


THE PYRENE COMPANY LIMITED—METAL FINISHING DIVISION 
Great West Road, Brentford, Middlesex 
Telephone EALing 3444 
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G ALLOY 


Besides a clean surface, Flattened wire must have 
round wire must have good weldability and 
enough softness to with ductility, with a suffness 
stand considerable cold that willensure a precise 
deformation yet stiff spark gap over long pro 
enough for feeding duction runs 


with precise 
properties and temper 


The melting, rolling and drawing of spark-plug 
alloys presents no great problem. It is another 
matter to provide a wire with just those physical 
properties and temper which a spark-plug manu- 
facturer requires. That) involves more than 


normal knowledge and normal care. 


We think we can offer very practical assistance in 
finding satisfactory answers to your own. spark- 
plug wire problems and we will welcome your 


enquiries, 


BRITISH DRIVER-HARRIS co., 


MANCHESTER 15 


‘THE ELECTRICAL ALLOY DATA BOOK’ 


This is a most useful general reference. 


Copies on request. 


Electric Equipment for 
Garage and Workshop 


BTH is well known in aviation and motoring circles for the 
unfailing celtability of its magnetos. 

In industry, BTH ty equally noted for the excellence of its electric 
plant, ranging from turbo-generators to small-power motors. 

For the garage and workshop, A.C. and D.C. motors (flameproof 
where necessary) and appropriate control gear are available; also 
pressure switches for compressor control, * Fabroil” (non-metallic) 
pinions and blanks, magnetos, Mazda lamps, and lighting 


equipment — mostly from stock or short term delivery 


Contactor 
Starter 


HP. Motor 


Automatic 
Pressure 
Switch Whatever your electrical 
requirements, consult BTH 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON HOLSTON CO RUGBY, ENGLAND 


In standard sizes or to 
your own specification. 
Our catalogue will help 
you select a type and 
size of chuck most suit- 
able to your own needs. 


Write for your Copy today. 


J. H. HUMPHREYS & SONS 


Blackriding Electrical Works, Werneth, Oldham 
*Phone: MAIn 1651 
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REAVY DUTY 
PERMANENT MAGNET CHUCKS 
Designed to give the maximum energised 
area of the work holding surface with 
continuous pole sequence throughout a 


chuck of unlimited length. 


TAMES NENG. 6 (SHEPEVELO) 


... With these 

extra heavy duty 

permanent magnet 

chucks for large grinding, 

milling, planing and shaping 

machines. The unit principle 

allows chucks of any desired 
length. 


INDEPENDENT OR 
MULTIPLE UNITS 
Independent units with projecting base 
plate, for mounting singly. Working 

surface 18 x 42°. 

Multiple units of 12° width with flush ends 
for mounting in continuous lengths of 
18 multiples, e.g. 36, 547, 72°, ete. 


SHEFFIELD ENGLAND 
EMC 31 


\ maximum width 32” 


\ 


\ thickness 
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on 
trial 
for 
‘life’ 


Photograph reproduced by courtesy of 
Messrs. Newton Victor Limited. 


This is an important occasion ; everything hangs on the 
verdict-—not only the life of the component itself but 
all the other lives that may depend on its soundness. 


In this case, nothing is being left to chance ; the cross- 


examination is being competently handled by an 


ILFORD Industrial X-ray film. 


There is an ILFORD film for every type of radio- 
graphic examination and every kind of subject. The 
ILFORD Radiographic Department will be pleased 
to give advice and information on the correct film, 
screen and technique to suit any particular conditions. 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE A 

A general-purpose tilm whose very high speed, exceptional latitude 
and good contrast when used with calcium tungstate screens make it 
particularly suitable for the examination of ferrous welds and heavy 
castings whether with X-rays or gamma rays 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE B 

A fast film designed for direct exposure to X-rays or tor use with lead 
screens. Recommended fer the radiography of a wide range of castings 
and welds in light alloy or steel where the aim is the detection of tine 
detail with economical exposure times 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE C 

A special high-contrast, direct-exposure film of medium sneed and 
extremely fine grain, specifically intended for the radiography of 
magnesium and sluminium castings where very fine detail must be 
recorded, and for the examination of all materials having a low X-ray 
absorption coeflicient 


@ ILFORD INDUSTRIAL X-RAY FILM TYPE G 

A new ILFORD product and the fastest film yet made for use with or 
without lead screens. Three times as tust as the Type B film, yet with 
very little increase in graininess, it ts ideal for the examination of heavy 
castings and assemblies in steel or bronze either with X-rays or gamma 


Industrial X-ray Films 


LONDON 


ILFORD 


ILFORD LIMITED 


Nuts 


RICHARDS 
Bolts 


CHARLES RICHARDS & SONS LTD., DARLASTON, nr. WEDNESBURY 


“Richards, Darlaston” 


Phone Darlaston 140 (10 lines) P.B.X. Wires 


EXPANDING PILOT REAMERS ¢ 


These are a new innovation inas- 
much that same are now fitted 
with double pilot (back and 
front) which enables the 
user to get perfect align- 
ment. Can be fitted 
either with the 
straight blade or 


the Taylor Pa- 

tent blade 

with the 

helical Symbol Range of Pitch 
Pilot [Cutting] Pilot 


cut. 


inches inches inches wnches inches 


4% 


EP2 2b 
FP2 | 2h 
GP2 #— | 

| #— | 23 2] 4 
5P2 | 23 2 23] 
| | 23 2 


Descriptive Prices on 


TAYLOR & JONES LTD 


0-0 See 
GRAMS GAUGES 
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RUST PREVENTION IS SO SIMPLE 


SEE HOW RODOL PROVIDES REAL 
PROTECTION AGAINST RUST 


The wastage of effort and money resulting from oxidation These enlarged photographs of mild steel plates after exposure 
to the standard Humidity Conditions Test demonstrate the reia- 


of finished and semi-finished metal parts is very simply tive degrees of protection offerded by oil media in comparison 
wit 


avoided. The RODOL series of Rust Preventives covers 


practically every aspect of temporary rust prevention and 


includes grades for application by brush, by spray or by 


dipping. In this way the Production Engineer is furnished 


with suitable media for any anti-rust situation, Additionally 


there are the allied Fletcher Miller products -SEVERINE, 


a non-toxic liquid rust remover, and FLICK, the universally 


applied easing oil. Ask for descriptive literature. Heavy Petroleum Jelly -condi- Paroffin Oil whole plate 
tion after 7 days, rust attack deeply rusted after 3 days. 
following original smear tracks 


PODOL 


You are invited to avail your- 


self of the services of our RUST PREVENTIVES 


technical department in any 
problem concerned with rust Medium Heavy Mineral Oil RODOL WS. completely rust- 
; ; Heavy rust after 7 days free after 180 days, although 
prevention or the overcoming exposure, plate was rough emeried at out- 
settoaccelerate possiblerusting. 


of allied difficulties. 


Sole Manufacturers: FLETCHER MILLER LTD., HYDE, near MANCHESTER. Branch Works at LONDON, WEST BROMWICH & GLASGOW 


FM120/R6 


SHEET METAL 


_ Today, shape and form in all sheet metal fabri- 
cation are of premier importance and therefore 
callfor the use of first class equipment ... such — 
as those machines in the world famous range of _ 

Besco SHEET METAL WORKING MACHINES AND 
PRESSES. Too numerous in variety and size to 

_ advertise individually . . . we offer ALL machines 

or ALL operations in sheet metal ! 


Besco Open Fronted Vertical Section Bending Rolls. ‘10 handle 
all kinds of sections using various rolls. Four models, 0A handles angle 
sections, leg out 1{” x 1{” x |”; 1A similarly handles up to 2” x 2” x |’; 
model 1B handles up to 3” x 3” x }” and model Ic handles up to 4” x 4” x 3”. 
All other sections in proportion. Registered Design Nos. 846621, 846620, 
846619, 846618. Model 1a illustrated. 


F. J. EDWARDS LIMITED LANSDOWNE HOUSE, 
359-361 EUSTON ROAD, LONDON, N.W. | 41 WATER STREET, BIRMINGHAM, 3 


Telephones ; Euston 4681 (7 lines) 3771 (4 lines) Telephones - Central 7606-7 
Telegrams . Bescotools Norwest London Telegrams | Bescotools Birmingham 3 
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METROPOLI 
LOCOMOTIVE 


THE TUNGUM COMPAN 


House, Painswick Road, Chelt 
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tools for every 


ngineers cutting 
job. Manufactured from the world 


g 

famous “ MUSHET ” Brands of High Speed Steel. 
“Mushet Brands — your guarantee of 
good cutting, slow wearing and excellent quality 


VARIABLE BRAKING SELECTOR MkII 


SELECTOR In 
DRIVERS CAB 


BRITISH MADE 


FOR TRAILER BRAKING 


This Selector is for use on Vacuum 
Braking systems only and can be used 
in conjunction with any make or type 
of Vacuum Power Unit. 

With Selector in Heavy braking 
position, the Power Unit exerts its 
maximum pull. In the “Light” braking 
position, the Power Unit exerts 
approximately 50°(, of its maximum. In 
intermediate positions the pull varies 
proportionally. 

Patent applied for 


Feeny & Johnson Ltd. 


WEMBLEY. Tel: WEMbley 4801/2. 


HOSE TO VACUUM 


CONTROL VALVE 


Pu ON 
TRAILE® 


‘Grams: Feejohn, Wembley. 


Full technical data on request. 


BISHOP STREET, BIRMINGHAM, 5, ENGLAND. 


The New 
Ventlite 


An adaptable roof light 
and ventilator for build- 
ing-in on buses, luxury 
coaches and vans. 
Coachbuilders will 
appreciate the ease of 
fitting, the compact, neat 
appearance and the fine 
finish. Thoroughly 
weatherproof. 
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a SPIRE 
SPEED NUT 


Nettlefolds N.P.K. Type “‘J”’ sheet metal screws have Like Nettlefolds other types of N.P.K. screws, 


been specially designed for use with Spire Speed Type “J” are ‘Quality Controlled’ which means, 

Nuts. They are made with a coarse thread which quite simply: first class fastenings. 

speeds assembly still further by requiring fewer Type “J” can also be supplied with the well known : 
turns to tighten. Phillips Recess Heads. ub 


If it's a question of N.P.K. Hardened Self Tapping Screws (p) « N 
get in touch with \ oN 


GUEST KEEN& NETTLEFOLDS(MIDLANDSILTD. SCREW DIVISION: BOX 24, HEATH STREET, BIRMINGHAM, 18 


SP 2904 


ELDAIR is the laste word in medium-priced, power Metal Working Machinery. Eldair Press Brakes and 
Shears alike are rugged, thoroughly dependable machines which speed production and reduce costs 
Write today for illustrated literature. 


the right, 1s one of a range of four models 
These shears are thoroughly dependable port- 
able machines which can be taken to any job in 
the scrap or stockyard. 


Ss ALLIGATOR SHEARS MODEL 00, shown on 


MACHINE shown below has a capacity of 8ft. by 
fin. designed to make 45 strokes per minute to 
permit continuous operation if required. All 
working and moving parts are shrouded at the 
front and vision for line shearing is afforded by a 
perspex screen 


OVERCRANK GUILLOTINE SHEARING 


PRESS BRAKE PBB 60 as shown above is a well 
designed, soundly constructed machine built 
for high output and economical operation 
Capacity 8ft. by fin MS 


Made by 


WELDALL & ASSEMBLY LTD. 


Members of the TripleX Group 


Sols Selling Upents 
“THO: W. WARD LID 


TELEPHONE. 26311 (22 Lines) TELEGRAMS “FORWARD, SHEFFIELO 


LONDON OFFICE: BRETTENHAM HOUSE - LANCASTER PLACE «STRAND - 
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COMMERCIAL FRAME SIDEMEMBERS 


, at our works at Etting- 
shall, we manufacture heavy and 
light chassis frames, axle castings, 
etc., for many of the foremost 
automobile manufacturers in this 
country and abroad. We also 
produce rail car frames and 


bogies, and steel pressings of 
various designs for railways. 


nd 


There’s gold in her tresses . . . if you like to let your imagination 
roam. And poets see more and further, they say, than other people 
So one fine day, when you want to make your fortune, why not take 
a little pair of scissors and... What, she didn’t like it”? 

Well then, try another tack. Think of the enormous wastage which 
is incurred every minute of the day as costly solvents float, un- 
reclaimed, into the atmosphere. Get your fingers on to that stuff, 
and you'll find . . . There’s Gold in the air! for the man with the 
secret of Active Carbon and Solvent Recovery and imparted by 


SUTCLIFFE SPEAKMAN 


LEIGH 94. 
ABBEY 3085 


LEIGH, LANCASHIRL. TEL: 
WESTMINSTER, S.W.1. TEL: 


AND COMPANY LIMITED, 
LONDON OFFICE; 2 CAXTON ST., 
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NITRIDED 


NITRALLOY 
STEEL 


OPTIMUM HARDNESS & STRENGTH 
Particulars from 


NITRALLOY LIMITED 


25, TAPTONVILLE ROAD 
SHEFFIELD 10 


Sheffield 60689 Telegrams: 


Telephone: Nitralloy, Sheffield. 


‘Anderton 


Many Sizes 
FROM STOCK 


Complete Range 
from 4” to 8” 
and 4mm. to 200 mm. 


CLIPS 


Write or phone: BINGLEY 2351 
ANDERTON SPRINGS LTD. 
Bingley, Yorks. 
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ASSEMBLED 
AS ONE ONIT 


"SHAKEPROOF’ 
Pre-assembled washer and screw units cut assembly 


Announce 
.costs by eliminating expensive hand assembly methods. 
SEMS Pick up a SEMS and drive it, only one unit to handle, 
PRE-ASSEMBLED WASHER & SCREW UNITS it is as good as a third hand. You can’t forget the washer 
and are sure it’s the right type, size and finish for the 


job. No washer losses and SEMS save driving time, 


inspection, buying, stock-keeping and all handling time. 


THE “‘ SHAKEPROOF "’ LOCK WASHERS USED ON SEMS ARE MANUFACTURED BY BARBER AND COLMAN LTD., BROOKLANDS, MANCHESTER 


SEMS ARE AVAILABLE TO BRITISH INDUSTRY FROM :—AcTON BOLT LTD., CHASE ROAD, ACTON, LONDON, N.W.10 
GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., BIRMINGHAM 18 ¢ L.H. NEWTON & CO. LTD., 
NECHELLS, BIRMINGHAM 7 e LINREAD LTD., STERLING WORKS, COX STREET, BIRMINGHAM 3 


But YOU CAN HAVE 
the many benefits 


DRAUGHT EXCLUDERS 
HIDEM BINDINGS 
WING PIPINGS 
WELTINGS ETC 


H. G. GRAHAM & SON LTD. 
CAMCOL HOUSE, DORRINGTON STREET. LEEDS 2 
Factories 
19/21. DORRINGTON STREET | LEEDS 


and PERSEVERANCE MILLS. | 
Tel 22841 (2 Lines) 


30. Leysian Buildings. 112, CityRd EC 1 


Clerkenwell 9130 
Resident Representative :— Mr. D. A. ATKIN, 9, Queens Road, Coventry. Tel.: 5038/9. 
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CLASSIFIED ADVERTISEMENTS 


RATE 4d. per word, minimum 4 -. Each 
paragraph charged separately. Box number 
words—plus 1 Advertisements for the 
April, 1953, issue should be to hand 
not later than first t March 25th. No 
responsibility accepted for errors. 


dhe engagement of persons answering these 
advertisements must be made through the local 
office of the Ministry of Labour «nd National 
Seruce etc. if the applicant is a man aged 
18-64 or a woman aged 18-59 inclusive, unless 
he or she or the employer is excepted from 
the provisions of The Notification of Vacancies 
Order, 1952 


SITUATIONS VACANT 
Aeroplane Company require Senior 
Designer-Draughtsmen for work on Guided 
Weapon propulsion Applicants must be 
expenenced in the design of automobile or aero 
engines or other precision engineering pro,ects 
Engineering degree or N desirable, but 
evidence of appiued creative ability will receive 
first consideration. Good salary, Superannuation 
Scheme, etc Applications stating age, qualifica 
tions and experience to the Personnel Manager, 
Phe Bristol Aerop.ane Company Limited, Engine 
Division, Filton House, Bristol [4635 
| ESIGN Draughtsmen required. Must be 
familiar with Automotive Vehicle design 
and preferably have attained Higher National 
Certificate standard Progressive pos.tions for 
suitable applicants. Apply in writing giving full 
particulars to Douglas Equipment Limited, 
Kingsditch Lane, Tewkesbury Road, Cheltenham 
[4641 

"EECHNICAL Sales Representative required 
by medium Eng.neering Company in London 
areca specialising gears and precision work 
Knowledge ind experience in general engincering 
vehicle and aircraft) industries using transmission 
pears des.rable Apply stating age, experience 
qualifications and details of positions held with 
Box 5696 


their respective remunerations c/o 
Automobile Engineer [4645 
old-established oi) company having deve 


. loped a unique range of soluble cutting oils 
which are effective in double the normal dilution, 
require representative to develop sales in 
Coventry and B.rmingham. Applicants must know 
and be known to production executives in the 
area, Salary, commission, car provided. Box 5694 
c/o Automobile Engineer 4643 
A MAJOR Oil Company has vacancy in Man 
*™% chester area for fully qualified automobile 
eng neer, aged 27 to 40, having first-class technical 
and practical training internal combustion 
eng nes, both petrol and diesel. Higher National 
Certificate the minimum technical qualification 
Good experience of operating, servicing and 
repair of transport vehicles is essent al. Applicant 


should have good personality and be interested 
in technical sales work. Salary commensurate 
with qualifications and experience. Generous 
sickness benefits and Pension Scheme. Send full 
details quoting reference A.E.731 to Box 45695 
Automobile Engineer [4644 
‘ OSEPH LUCAS LTD. require a_ first-class 


for the cold room section 
Duties include in 
engines under 


automobile engincer 
of their Proving Laboratory 
vestigation into the starting of 1.¢ 
low temperature conditions and allied problems 
Applicant» should be of degree standard and 
experience in the testing of automobile engines is 
desirable 


ILEASE reply stating qualifications, experience 


and age, quoting reference PM/D/SO to 
Personnel Manager, Joseph Lucas Ltd., Great 
King Street, Birmingham [4649 


BALL & ROLLER BEARINGS 


Needle 
Bearings 


Steel 
Balls 


Quick Delivery 


INSLEY LTD 


21-22 Poland St., Londom W.1. GER 6104 & 2730 


PATENTS 
Vropnetor of British Patent No, $946%7 
entitled Radial Pressure Clutch, offers 
same for licence or otherwise to ensure practical 
working in Great Britain. Enquiries to Singer, 
Stern & Carlberg, 14, East Jackson Boulevard, 
Chicago 4, Illinois, U.S.A. [4640 


BALL CATCHES 


for the AUTOMOBILE 
INDUSTRY 


ification 
stomer’s specifi 


Made to cu 
in any quantity: 


from the bar 


sion parts 
particularly those 
eens produced by the 


which are not 
head or roll 
consult th 


threaded process 
cold e specialist 


machinists. 


M.C.L. & REPETITION LTD. 
POOL LANE - LANGLEY - BIRMINGHAM 
Telephone: Broadwell 1115 (4 lines) and 1757. 


— 


SITUATIONS VACANT 
\ TORKS Manager required by small Com 
mercial Vehicle manufacturing firm. Appli- 
cant must be conversant with vehicle design and 
production methods, and have attained Higher 
Nationai Certificate standard or similar qualifi- 
cations. State full details of experience. Box 
5693 c/o Automobile Engineer. [4642 
UMASI COLLEGE OF TECHNOLOGY. 
(Principal: J. P. Andrews, D.Sc., F.Inst.P.) 
APPLICATIONS are invited for appointment 
as 


(1) Lecturer in Automobile Engineering and 
Vehicle Technology. 
(2) Workshop Electrician. 
(1) must be A.M.I.M.E., or hold Higher 


National Certificate, (2) must have had appren 
ticeship and subsequent experience as electrician 
on installation work and in care of instruments, 
and hold City and Guilds qualification in Instal 
lation Work or Ordinary National Certificate in 
Electrical Engineering. 
posts are pensionable. 

cumstances temporary 
made). Salary scales: 

Lecturer £798-—-£1,450 p.a. 

Electrician £798—£1,147 p.a. 

NCLUDING overseas pay and temporary cost 

of living allowance of approximately 15 per 
cent of basic salaries (£540--£1,000 and £540 


(In exceptional cir- 
appointment could be 


£780 respectively). Point of entry according to 
qualifications and experience. Partly furnished 
bungalows provided, rent approximately 10 per 


cent of basic salary. Free first class passages, once 
each way for each tour of service, for persons 
appointed, their wives, and up to 3 children under 
13. Income tax at Gold Coast rates, much lower 
than United Kingdom rates. Generous home leave 
on full salary. 


WRITE for further information to Secretary, 
Advisory Committee on Colonial Colleges, 


15, Victoria Street, London, S.W.1. Closing date 
for applications 3lst March 1953. [4648 
Service Manager required for 


( *ENERAL 
a provincial motor distributors with a number 
of depots. Must have good standard of education 
and wide technical background. Position covers 
planning of repair shops, including layout, pro- 
gress and costing, at Gepots varying in size from 
small units with a few mechanics to repair 
centres for heavy vehicles employing over 100; 
supervision of training of apprentices, semi-skilled 
workers and specialists in auto-electrical and fuel- 
feed, coachbuilding. painting and other branches; 
provision and design of special tools and _ jigs; 
improvement of job methods, and liaison with 
motor manufacturers. Pensionable and progres 
sive post with substantial salary for right man. 
Experience in retad section of motor industry not 
essential. Write giving full details in confidence 
to Box 5697 c/o Automobile Engineer. [4647 
CAPACITY AVAILABLE 

EAR and Spline Hobbing. Immediate capacity 

B available up to 14in. diameter and up to 
3 D.P. from blanks to be supplied. Desirable that 
customer supply tools. Enquiries invited. A.1.D. 
Approved. Western Mfg. (Reading), Ltd., The 
Aerodrome. Reading. Berks. Sonning 2351. [4646 


COTTON BAGS 


FOR SPARE PARTS Etc. 
Walter H. Feltham & Son Ltd 


Imperial Works, Tower Bridge Road 
Telephone : HOP 1784. LONDON, S.E.1 


THE ANTI-FRICTION BEARING CO. LTD., 
HARFORD STREET, 
BIRMINGHAM, 19. 

Manufacturers of Plain Bearings in Gun 

Metal Steel and White Metal. 


Tel. Nos: NORthern 2024-5 
Tel. Add: “Antifric’’ ‘Phone, Birmingham, 19. 


MEK-ELEK Engineering Ltd 
17 Western Road, Mitcham, Surrey. 


THE ALL STEEL wee 
that never lets go: 


FORTIS TOOLS LTD - 91 STATION ST., BIRMINGHAM S 
or your local dealer 


HAMMERS MALLETS 


RAWHIDE HAMMER 


COPPER HAMMER 


Prevent damage to the part struck 


RAWHIDE & COPPER 


RAWHIDE MALLET PLASTICHAMMER CELLULOSE HAMMER 


Illustrated above are some standard types in general use. Other types are made for special purposes. 
Send us particulars of your requirements, and we will submit free test sample of the most suitable size and type. 


THOR 


HAMMER COMPANY 


SALOP STREET 


BIRMINGHAM 12 


~ — 
i | 
| 
| 
08 
| 


OIL ENGINES 


CLANCEY 
CAST-IRON 


(CHILLED-FACED) 


TAPPETS 


G-CLANCEY L™+ BELLE VALE HALESOWEN 


TELEPHONE: CRADLEY HEATH 69411-2-3 


Tested ana recommended by the 
Ministry of Supply (MVT Branchj 
Ref. No. VG.6/300/FIR for export 
to tropical countries. 


OSOTITE — the modern 
scientific sealing which has 
been proved by rigorous tests 
to be the perfect jointing for 
smooth surface and screw 
unions. OSOTITE is a simply 
applied, liquid compound, im- 
pervious to heat, petrol, oil, 
grease, water and steam which 


ensures in a few minutes a 
A SiIEK- HIGH PRESSURE GAS, AIR or WATER-TIGHT JOINT. 


Tn ODUCT Write for full details and prices to : 
SLICK BRANDS LIMITED 


“STAFFORD ROAD, WADDON, CROYDON, ENGLAND 
Tel: CROYDON Cables: SLICKBRA, SOUPHONE, LONOON 
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at all stages of manufac- 
ture ensures a trouble 


free product. .. . the 


reason why most manu- 
facturers use High Tensile 
Cylinder Head, Gear Box 
and other Studs made 


by 


YARWOOD INGRAM. 


PARKER ST. BIRMINGHAM. 16. 


TELEPHONE: EDC baston.3607. 


INDEX TO MANUFACTURERS’ ANNOUNCEMENTS 
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DIE CASTING THE FUTURE 


No matter what the future may hold 
regarding the appearance of motor 


vehicles — radiator grilles will almost 


certainly be die cast—in one piece 
and we may safely assume they will 
be cast in MAZAK which, based on 
zinc purity of 9999+, is ideal. 


1 ton pallets to 


now supplied in f 
ease of handling. 


ensure safety and 


UA OF THE CONSOUIOATED CORPORATION UNITED 


IMPERIAL SMELTING CORPORATION (SALES) LIMITED - 37 DOVER STREET - LONDON - W.1 
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Pressure die castings in aluminium alloy form the 
major body components of the.‘ Flamemaster ”’ 
hand torch illustrated here by courtesy of 
Messrs. Chance Bros. Ltd. Our customer 
says: “The aluminium die castings which we 
have obtained from you for use on this product 
have proved entirely satisfactory, and are a great 
improvement on the previous covers. It is in 
fact true to say that they save us considerable 
assembly cost due to their accuracy of fit and 
excellent finish.” Extract of letter from Messrs. 
Chance Brothers Ltd., Smethwick, Birmingham 40. 
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BIRMINGHAM ALUMINIUM CASTING (1903) CO LTD 


RMID WORKS SMETHWICK 


LONDON O 


20-22, BERKELEY SQUARE, 


LONDON, W! 
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